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PEEFACE. 


Throtohout this work the writer’s object and desire have been to 
collect together in one volume the most useful information, with 
illustrations and discussions on every subject which it is the 
founder’s special interest to know, so that after perusal he may be 
familiar with the best modern practice in his particular art. It 
should also be stated here that, in addition, the author has 
endeavoured to make the best use of the more important matter 
and illustrations included in Spbetson’s treatise, * Casting and 
Founding,’ the issue of which the Publishers have decided to dis- 
continue. The more valuable parts of that treatise have been 
carefully revised and reconstructed, to suit the general character of 
the new work, in which the various subjects are introduced to 
*the reader concisely in their natural {progressive order, and in 
the most practical manner that the subject will permit. 

Like all other departments of manufacture, the art of founding, 
although an eminently practical one, has lattefly been consider- 
ably advanced by the application of natural sciShce ; and the 
founder is now ilble to solve many of the more abstract and 
difficult problems which present themselves throughout his many 
and varied operations. In this work, where it has been con- 
sidered desirable, such chemical reactions, also the various hydro- 
statio and mecbanical principles, as are involved in foundry 
practice, are all described more or less in detail, endeavouring at 
the same time to treat these problems in the simplest possible 
way consistent with accuracy. By Bi;cb theoretical considerations 
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the founder is not only made to understand clearly many of tliose 
phenomena (otherwise difficult to explain) in ordinary practice, 
but he vrill often be enabled to foresee these, and therefore 
take such precautionaxy measures as may be dictated by calcu- 
lations, chemical analysis, etc., made with such mat'&ematical 
precision as will enable him to prevent many of the failures ]^y no 
means uncommon even in the foundries of the so-called leading 
firms of to-day. Such theoretical knowledge, however, by itself will 
be of little or no service, and can only be used to advantage when 
it supplements a thorough practical knowledge and experience 
gained by a careful study of the various causes of failures, and the 
successful remedies adopted. To do this requires a constant 
exercise of the greatest care and watchfulness at every step 
throughout the moulding process, because, if only one apparently* 
small point is overlooked among the numerous processes leading up 
to the final operation of casting, that omission (which in all likeli- 
hood cannot be discovered later on) may be the direct cause of the 
casting turning out defective, and even unfit for the work for 
which it was required. It is therefore broken up by the foundry 
and remelted at considerable loss in material and wages, apart from < 
the inconvenience through delay to the general progress of the 
work of the engineer. 

As it is the founder’s business to deal largely with his iron in 
the form of pigs, which he subsequently melts so that it may be con- 
veniently poured into moulds to form castings of every conceivable 
form, such as may be required for the various fundamental parts 
of machinery, engines, also many other useful and ornamental 
appliances, prominence is given here to those questions with regard 
to the composition of cast iron, and the characteristic properties 
produced by each element, such as, for instance, the fusibility, 
ultimate strength, toughness, etc., of cast iron generally. 

Cupola management and the subject cupolas generally are 
treated fully, referring in detail to the characteristic changes in 
the quality of cast iron as the direct result of remclting, also the 
relations at present existing between the quantity of coke consumed 
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under the most favourable actual conditions, and the quantity of 
fuel shown to be necessary by theoretical considerations. 

Gaseous fuel by its increased importance in modern founding 
calls for the detailed particulars given regarding the production 
from coke and coal, its subsequent combustion and comparative 
efficiency relative to the use of coal when burnt direct as in 
ordiJIary foundry stove work. 

The composition and properties of the various materials used 
in the foundry, including sand, loam, blacking, etc., are treated 
here fully from a thoroughly practical point of view, in addition to 
many theoretical observations which will be found of considerable 
value. 

An attemi>t has also been made to generalise the various charges 
, representing the cost of production under ordinary conditions, 
with due regard to the differences in the amount of labour lequired, 
also the particular process of moulding adopted. The various items 
are here classified under six different heads, in order that some one 
- of these may always be found which will represent approximately 
these items of cost for any particular casting. 

It may be thought by some that these tabulated values are some- 
what arbitrary and insufficiently accurate for the purpose ; so we 
must explain that it is only proposed to use these results and 
values for readily estimating approximately the value of castings 
generally, the more elaborate treatment of this important subject 
being considered quite outside the scope of the present work. 

The writer desires here to acknowledge the assistance received 
from many personal friends and other authorities referred to 
throughout this work, and to these gentlemen are due our best 
thanks. 


JOHN SHARP. 
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CHAPTER L 

PIG iron: its characteristics and mixtures. 

Iron, to be suitable for foundry purposes, must have the property 
of being readily reduced to such a liquid state that will permit of 
its being carried in ladles to a reasonable distance, and still be 
sufficiently liquid as to run into and occupy the most minute 
Slices in a mould, so that it may be possible to produce castings 
of the most intricate forms conceivable — as, for instance, the various 
parts of engines, machinery, and also the more highly ornamental 
iron castings adopted in structural ironwork generally. 

Such iron compounds, now so w^ell known as cast or pig iron, 
it should be pointed out here, are comparatively modern products 
when compared with the purer and more malleable qualities of 
iron capable of being welded together, drawn out and shaped under 
the hammer when raised to a suitable red or white heat, as in 
ordinary smith-shop practice. That the latter malleable qualities 
should have been the only products from the early smelters was 
due naturally to the primitive methods then adopted, and practised 
more recently at 0atalonia, in Spain, the furnace and general 
procedure in the latter instance being here illusrrated in Fig. 1. 
and known as the “Catalan process.” The quality of iron pro- 
duced in the manner illustrated varied even in the same mass (iis 
it left the furnace) from soft to steely iron, owing to the want of 
uniformity in the decarbonising effects of the air blast, along with 
that of the oxide of iron present in the slag and ground iron ore 
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which forms the bottom of the furnace referred to, all of which, it 
will be seen, acted more directly on the surface of the mass of iron 
towards the end of the process. 

As the demand for iron manufactures increased, smelters began 
to enlarge the dimensions of their furnaces throughout. The iron 
ores, too, which previously might not have been considered quite 
pure, nor rich enough, were now being used, with the resujt that 
accidentally now and then a highly liquid quality of iron was 
produced, by reason of the higher percentage of carbon, silicon, 




and other elements the iron contained, which liquid iron for a 
long time was eonskh;red even worse than useless, by its having 
to be run ofl* in the same manner as tbo sing, until later on it was 
observed that, by subj(‘ciirig it to the influence of air directed 
through it, or by stirring the liquid metal so as to expose its in- 
terior as much as possible to the direct influence of an oxidising 
atmosphere (as now practised in the well known puddling process), 
tlie metal became thickened, due to the removal of the previously 
combined carbon so as to leave the iron comparatively pure and 
inalleabie. 
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Now that tho liquid metal could be further treated favourably, 
and its production had become more general, it seems natural that 
some one should have suggested the direct use of this liquid form 
of metal by casting it into moulds, which could be readily formed 
in the earthen floor-space near the furnace. 

^J'he’ earliest efforts in the direction just indicated, and appa- 
rently Jthose marking the introduction of iron foundry practice 
generally, are some simple iron castings, in the form of chimney 
backs c'lnd grave slabs, unearthed in the soiilli of England, on which 
the ytar 1550,* cast on, serves to indicate clearly the date of their 
origin. 

Later on, in 1505, wc have evidence of a considerable develop- 
ment in the art of iron founding, as in this year cast-iron cannons 
tvero being produced, weighing up to three tons each. And again, 
in 1085, we find that the first cast-iron l^ipcs were made and 
adopted for the Marseilles water supply. 

This latter date, it will l^e observed, marks the beginning of one 
of the most important of the many and vaiied branches of iron 
founding in our own day. 

Cast iron, or carbide of iron, which was considered by the early 
smelters as useless, has now, by later experience, turned out to 
be the most desirable product directly reduced from the iron ores. 
For convenience in handling this metal, it is run dii ect from the 
blast furnace, and cast in open sand-moulds into long bars or pigs, 
of D-shaped section, each weighing about one hundredweight, or 
roughly speaking, twenty pigs to the ton. Tho remai kable changes 
in the quality of metal which can be produced by sliglitly different 
treatment of pig iron are of tho utmost importance and utility — 
such as, for instance, the conversion ot pig iron into steel direct 
l)y the Bessemer process, the power of ol>iiining from the same 
cast iron either a soft, flexible, or elastic steel, or one so hard and 
brittle that nothing softer than corundum or a diamond will cut 
into it for any length of time. Such extraordinary variations in 
the quality of metal produced are chiefly obtained by varying 
the proportions of carbon retained in combination with the iron. 
'J'lius we have, on the one hand, malleable iron, when the amount 
of carbon retained is reduced to a minimum, and, on the other, wo 
♦ See article in ‘ Enginecriagr,* April 20, IS!>7. 
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have cast or foundry iron containing the maximum percentage 
of carbon in combination with iron; while between these two 
extreme conditions or qualities of metal there are the various 
qualities of 'steel, the different properties of which are chiefly 
dependent on the amount of carbon present. So much so, that 
the quality of steel to be supplied is often indicated in specifi- 
cations by a statement of the percentage of carbon repuired ; 
so-called mild steel being simply that quality in which the carbon 
present is reduced to a minimum, and in which case the metal 
resembles in character that of puddled iron, but, on account of the 
steel producing methods of production, it is more homogeneous in 
quality ; otherwise it might be termed malleable iron. 

The hardness of cast iron may itself also be affected consider- 
ably, by merely altering the rapidity or rate at which it is allowed 
to cool down from the liquid to the solid or normal condition ; by 
such variations it can be made to foim hard white, chilled, or soft 
grey castings (the latter of which can be turned and bored 
almost as easily as brass, and is therefore that quality desired for 
general casting requiring to be fiffcerwards machined). 

Cast iron is a gianular and crystalline comj^ound of iron and 
carbon, more or less mixed with uncombined carbon in the form of 
graphite, but never containing more than 5 per cent. It is harder 
than pure iron, more brittle, and not so tough, and is obtained bv 
the direct reduction of iron ores in the blast furnace. The modes 
of combination of the carbon with the metal, as well as the nature 
and proportion of foreign matters, such as silicon, alumina, sulphur, 
phosphorus and manganese, determine the infinitely varying quali- 
ties relating to its colour, degree of fusibility, hardness, tenacity, 
and so on. 

In practice the difierent vaiieties of cast iron when in the ])ig, 
that is, as they are sent from the smelting furnace, are distinguished 
by the colour and general appearance shown by newly broken 
surfaces ; these exhibit every variation from dark grey to dead 
hard white. 

All cast irons are not available for foundry purposes ; those 
preferred are irons which become sufficiently fluid upon fusion to 
fill every j)ai t of the moulds into which they are poured ; and also 
shrink but sliglitly upon cooling ; such castingfif, once in a solid 
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state, should admit of easy manipulatiou, aud, whilst satisfying 
these conditions, possess sufficient streni^th for tlie purpose to 
which they are to be applied. These difl’erent qualities are found 
combined in a higher degree in grey cast iron than in white irons, 
and the former are therefore most generally used for ibundry work. 
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Wliite lioiu 


Grey iron merges into white iron by imperceptible degrees, and 
in some irons the two are clearly developed in the fracture of one 
and the same pig ; it is then called mottled iron, and this is fre- 
quently of great strength. Some seven or eight classes may be 
found running from clear white at the one extreme to dense grey 
at the other, and in order to represent more clearly the structural 
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differences to be observed at tbe fracture of different grades of pig 
iron, the foregoing illustrations of pig iron fractures have been 
selected as typical. 

Nos. 1 and 4 pig shown, represent as nearly as possible the 
actual grain of the highest and lowest grades of foundry iron, the 
characteristic appearance of white pig iron being also shown. 

Although in each example the outline or size of section has 
been reduced, the grain represented is almost actual size. As 
already stated, ail grades of pig iron are not suitable for foundry 
purposes, so that they have been classed under two heads, viz , 
foundry and forge pig, the foundry pig being divided into four 
grades, and known as Nos. 1, 2, 3 and 4 pig iron ; the forge 
pig including the mottled and white iron. 

There is still another grade of forge pig between the two just 
named, the characteristic appearance of which is that a ])ortion of 
its fracture at the centre is mottled, while the remainder towards 
the outside is entirely white. 

In white cast iron the greater part of the carbon is ])resent in 
tbe form of a chemical combination, carbide of iron, whilst in grey 
cast iron the carbon is mechanically interspersed in small blatdc 
specks amongst the lighter coloured particles of metal, tlje fra(‘.ture 
being of a dark grey colour, and being of a granulir or scaly 
crystalline character. G'rey cast iron is much softer and tougluu’ 
than white iron, and may be filed or turned ; whilst white iron is 
very brittle, and can neither be turned in a lathe nor filed. 

These qualities may he altered to a certain extent, as by casting 
grey iron in thick iron moulds, or chills, it becomes almost as hard 
as steel ; but this change takes place only at the surface, the inside 
of tbe casting still retaining its grey colour. If it is desired to soften 
a casting which is too hard to be turned or bored, this can be done 
by heating the casting for several hours in a mixture of hone-asli 
and coal-dust, or^n common sand, and allowing it to cool slowly 
whilst still imbedded in these bad heat-conducting materials. 

Grey cast iron requires a higher degree of heat before it com- 
mences to fuse, but becomes very liquid at a sufficiently high 
temperature, so as easily to be run into moulds. 

White cast iron is not so well adapted for casting, as it does 
not flow well ; it is rather pastf in consistence, and scintillatea 
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as it flows from the furnace to a much greater extent than grey 
iron, and is excessively hard and brittle. 

This quality of iron is obtained by using a low temperature and 
a small quantity of fuel in the blast furnace. It i^ a homoge- 
neous chemical compound of iron with from 2 to 4 per cent, of 
carbon, and is well suited for forge purposes, to which it is generally 
applied^ 

Granular cast iron can be converted into grey cast iron by 
fusion and slowly cooling ; whilst grey cast iron can be converted 
into "ranular white cast iron by fusion and suddenly cooling. 

Crystalline white cast iron is harder and more brittle than the 
granular, and is not capable of bein§ converted into grey cast iron. 
I'liis variety is too brittle for use in machinery. 

No. 1 pig contains the largest proportion of graphite ; it is 
distinguished in appearance by great smoothness on the surface 
of the pig, produces the finest and most accurate castings, but 
is deficient in hardness and strength, in which it is inferior to 
Nos. 2 and 3. 

It is indeed charged with carbon to excess, and, when turnefl, 
free carbon may he observed flying off like powder. The crystals 
are large, extending over the entire fractured surface, which shows 
a characteristic blue-grey colour and coarse grain. When broken, 
the pig docs not ring, but falls asunder with a dull leaden sound, 
and it usually breaks very evenly, showing but little tenacity. 
When fluid, it is marked by a notable absence of either sparks or 
sj)lashes. The surface is dark and sluggish, and as it cools it 
becomes covered with a thick senm, which is a source of much 
waste. Used very hot, as when melted in a crucible and air 
furnace, it is so fluid that it will run into the finest and most 
delicate moulds. This property, as already remarked, peculiarly 
adapts No. 1 foundry pig for the pui^pose of small thin and orna- 
mental castings, and anything that requires a minute adaptation of 
the metal to the mould. * No. 1 is not often employed by itself, but 
commonly as an admixture with scrap. 

No. 2 pig y which is lighter in shade than No. 1, is finer in grain, 
not so soft, is not so fluid when melted, nor the skin of the pig 
BO smooth. Being closer grained and more regular in the fracture, 
it is more tenacious, and, while capable of being easily turned and 
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polished, being harder and stronger than No. 1, it is preferred for 
strong ornamental castings. Melted, it is seen to be of a clear 
recldish-whito colour, splashing little when poured into the ladle. 
There is a scum and a sluggish flow, but not to the same exteut as 
with No. 1. When being run into the mould, it breafe over the 
edge of the ladle in large sheets, leaving behind them long narrow 
lines running from side to side. As the iron cools, these liiiftsopen 
in various directions until the surface is in lively motion, lines 
intersecting each other in every direction. This activity continues 
until the surface becomes stiff or pasty, but, on removing this 
covering, these lines are again j|een flitting over the surface. 

No. 3 pig is the most extensively used foundry iron, owing to 
its being a medium between the extremes, which can therefore he 
used for a variety of purposes. It has less carbon than the other 
two kinds, and possesses less fluidity when melted ; it is also moN3 
minutely grained, and smoother in the fracture than No. 2. The 
broken surface shows a slightly mottled appearance at the margin, 
while at the centre there is a regular arrangement of smaller 
crystals comparatively compact and dense. As it flows into the 
ladles there is a display of sparks flying in various directions, and 
an absence of scum, the surface being clean. Figures are slightly 
visible at surface, but are small, and pass off entirely as the metal 
cools. It possesses a greater degree of toughness, as well as hard- 
ness, and turns out strong, durable castings ; it is therefore selected 
for parts liable to great and sudden strains, and exposed to constant 
wear and tear — tram plates, for example, heavy shafts, wheels, 
and ordinary steam cylinders, where large quantities of scrap are 
available. It is the opinion of many founders that a considerable 
advantage can be gained by a liberal use of No. 3 in conjunction 
with a smaller mixture of good soft pig iron. 

No. 4 foundry iron, as it is called, when fractured, is more or 
less mottled, with a whitish glossy appearance. The pig is difficult 
to break, and the fracture uneven, indicating a considerable amount 
of tenacity. When melted very hot it has a clean, glowing surface, 
and as it is poured it tlirows out showers of sparks in all directions, 
which continue to break into small particles, and fuse during their 
flight. This phenomenon is peculiar to this description of iron, 
but may be observed with other irons which have been very much 
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exposed, and oxidised by the atmosphere. While still in a melted 
state a constant succession of small globules rise to the surface, these 
expanding gradually and seeming to merge by degrees into the 
molten mass, being replaced contihlblly while the iron remains 
fluid. On cooling, the surface is found covered by thin scales of 
oxide. No. 4 will be found applicable to very heavy castings, such 
as girders, bed plates, engine beams, plain columns, and the like, 
especially where there is little after machine manipulation neces- 
sary. It is obviously ill adapted for light casting, as its density 
renders it unsuitable for filling delicate moulds. The purely 
wliite irons are entirely unsuitable for foundry purposes, and are 
therefore beyond our consideration here. 

The following remarks upon some points which we have 
already treated of, may aid in roughly estimating the quality of a 
cast iron. 

When the colour is a uniform dark grey, the iron is tough, 
provided there be also high metallic lustre ; but if there be no 
metallic lustre the iron will be more easily crumbled than in the 
former case. The weakest sort of cast iron is where the fracture 
is of a dark colour, mottled, and without lustre. 

The iron may be accounted hard, tenacious and stiff when tbe 
colour of the fracture is lightish grey, with a high metallic lustre. 

When the colour is light grey, without metallic lustre, the iron 
is hard and brittle. 

When the colour is dull white, the iron is still more hard and 
brittle than in the last case. 

When the fracture is greyish white, interspersed with small 
radiating crystals, the iron is of the extreme degree of hardness and 
brittleness. 

When cast iron is dissolved in Tnuriate of lime or muriate of 
magnesia, the specific gravity is reduced to 2 • 155 ; most of the iron 
is removed, and the remainder consists of graphite with the impu- 
rities of cast iron. A similar change takes place when weaver s 
paste is applied to iron cylinders. Sea-water, when applied for a 
considerable time, iias the same effect. It takes much longer to 
saturate white cast iron than to affect grey. The soft grey iron 
yields easily to the file after the outer crust has been removed, and 
in a cold state is slightly malleable. 
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We may state also that the quality of iron in a melted state is 
readily judged of by a practised eye from the nature of the agitated 
aspect of its surface. The mass of fluid soerns to undergo a circu- 
lation within itself, having t^ appearance of ever varying network. 
When this network is minutely subdivided, it indicates soft iron. 
If, on the contrary, the iron bo thrown up in large convolutions, 
the quality of the metal must be hard. • 

There are many individual exceptions to the ordinary classifi- 
cation of pig iron, which, although a matter of great convenience, 
is so far artificial, inasmuch as iron varies in quality, measured by 
the minuteness of the grain and foreign admixtures, by minute 
Graduations between the two extremes. Considerable latitude is 
therefore allowed in the classification of pig iron. 

Scrap'" or the broken-up fragments of every conceivable 
article which cast iron is employed to make, is as variable in copi- 
position as can well be imagined. A general characteristic is that 
it can be melted with less fuel, as it is deficient in the thick silicious 
skin which usually covers the pig, and more can be melted in a 
given time, as the silica necessitates a liberal use of limestone or 
some other flux, by which course damage frequently occurs to the 
lining of the cupola. It should be observed that “scrap” has 
become altered from its original composition as often as it has been 
remelted, and hence its common daily use as an addition to soft 
jiig, in order to confer upon the latter greater hardness and closer 
grain. It is a mistake, however, to suppose that a casting made 
with fine-grained scrap will have a finer grain than that of the 
pig employed to make it, for it is obvious from a slight considera- 
tion of the laws of crystallisation, alluded to at page 67 , that 
the fineness of the grain, that is, of the crystals in a finished 
casting, materially depends up‘on its size and the rate at which 
it cools. 

The properties and general characteristics of the various grades 
of pig iron just described, constitute in many instances the founder’s 
only guide in forming some ideas of the physical properties of 
the various kinds of pig iron at his disposal, the proper judgment 
of which is of the utmost importance, as shown by the many 
castings condemned from time to time as unfit, not because of any 
apparent flaw or defect such as miglit occur through defective 
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moulding, but on ncconnt of the metal being unable to stand the 
specified physical tests. 

The particulars of fracture referred to, although assisting the 
founder to some extent in detecting some of the more outstanding 
properties cast metal, cannot be relied upon, owing to the 
fact that the appearance of fracture varies considerably, even 
where (;Jiemical analysis has shown that the composition is the 
same exactly. Accordingly we find that within these last few 
years quite a number of iron founders, desirous of carrying on 
their work with greater certainty of success, are now system- 
atically making analyses of suitable samples of all the pig iron 
delivered at their works, in order to have such data as will enable 
tlieui to mix their iron so as to produce desired results with a 
degree' of certainty otlierwiso impossible. 

^ Others, again, wlio thoroughly appreciate the importance of a 
knowl(‘dge of composition, are content with their method of pur- 
ciiasing ilie pig iron with a guarantee as to its composition from 
the makers. 

'J'licie will nevertludoss always be a considerable number of 
found(3rs producing castings which do not demand such accuracy 
as regards the quality of metal, and for which only low-grade 
iron is used. But even in such cases, especially when large 
quantities of duidicato castings are turned out daily, a know- 
ledge of the conq o'ition of the iron a\ailable would be the 
means of preventing many of the losses which frequeatly occur 
from the use of unsuitable mclal, imslead of the more common 
j)riictice of endeavouring to cure after serious loss has been 
incurred. 

Ihe latter and more common methods of trial and error, 
aided by the appearance of fracture, &c., with a view to pre- 
venting further loss, often result in a considerable proportion 
of the day’s cast turning out bad before the faults have been 
(jhecked or rcuioved. AH' this proves of how little service is tho 
fracture of a pig in determining its properties, although there are 
many pretentious individuals -who claim to have sufficient skill to 
do so. 

Tables Nos. 1, 2, 3, 4 and 5 will here be found of special 
interest and value, by giving tho complete analysis of a number 
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of well known brands of pig iron being extensively used at borne 
and abroad. JBy these tables it will also be observed in what 
respects the various grades of iron difl’er as regards their com- 
position. ^ 


Pia Iron Analysis. 
Table L- SCOTCH PIG IRON. 


Maker. 

Wm. BArUD AND Co. 

Brand. 

Kgllngtou. 

Gartsherrle. 

Grade. 

1 

3 


1 

3 

4 

Iron 


90-38 

91*00 

92*30 

92*285 

92-705 

93*15 

Grapliitic Carbon 


3-05 

2-96 

2-60 

3-10 

2-85 

2-20 

Combined „ 


0-63 

1*07 

0 88 

0-25 

0*50 

0*90 

Silicon .. •• 

• • 

2-84 

210 

1-40 

2-45 

2- 00 

1 • o.> 

Sulphur .. •• 

•• 

0-04 

DUG 

0-08 

0-015 

0-035 

0*09 

Phosphorus •• 


0-95 

0-98 

1-00 

0-75 

0-75 

0* 7<i 

Manganese 

•• 

2-11 

1-83 

1-74 

1*15 

1-10 

0-95 

Maker. 


— 



— 


Brand. 

Summerlee. 

Dalinrlliiigion. 

Grade. 

1 

2 

3 

1 

2 

3 

Iron 


90*979 

1 • 

91 524 

91*14 


.. 

Graphitic Carbon 


8-93 

«• 

3-49 

2-80 



ComV>ined „ 


0-26 

• • 

0-27 

0 63 



Silicon 


2-85 

.. 

2-78 

2-93 



Sulphur .. 


trace 


0-007 

0*03 



Pho>p]iorua 


0-911 

• • 

0*859 

1-25 



MangiUiube •• 


1*08 


1-010 

1-22 




Maker. 


Brand. 


Grade. 


Iron 

Graphitic Carbon 
Combined „ 
Silicon 
Sulphur .. 
Phosphorus 
Mangaueso 


MeSRT AKD 
CUKNINOUAIIB. 


Cambroe. 


ii)0-556 

300 

0-07 

3-20 

0-034 

0- 90 

1- 19 


91*223 
3*. ^50 
0-090 
2-87 

0- 037 
1*08. 

1- 15 


C0I.TNEf« 

lltON Cu. 


CoUtieBS. 


92-676 90-240 


3-500 

0- 40 

1- 61 
0-064 
0*940 
0 810 


3*4.')0 
0-200 
3-430 
0 022 

0- 904 

1- 580 


Carron Cl). 


Carron. 


;91-796 
3-505 
0*125 
2-438 
0 035 
1-088 
1-015 


3 

92-311 

3-J92 

()-266 

2-158 

0-114 

1*130 

0*799 
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Table IL— ICNGLISH PIG IRON. 


Maker. 

W. IL Saml'klson ii Co., Ltd. 

BoKCKOW VArCIIAN <>Oi 

Brand. 

B. S. Newpoxt. 


Clov^and. 


Grade. 

1 

3 

4 

1 

8 

Foundry. 

Iron 


91*04 

91*83 

92*12 

90*96 

91*35 

91*95 

Cini])hiti(- Carbon 

• • 

3*20 

3*00 

2-90 

3*50 

3*30 

3*15 

(^>inbiu('<4 ,, 

• « 

0*20 

0*35 

0*45 

trace 

0 15 

0*2.5 

Silicon 


3*30 

2*80 

2*50 

3 30 

3*00 

2*60 

Sulphur .. 


0*01 

0*01 

0*10 

0*03 

0*05 

0*10 

Plmaplinrus 



1*46 

1*48 

1*51 

1*50 

1*50 

Man;;uiiCBe 

•• 

0-75 

0*52 

0*45 

0*70 

0*65 

0*55 

Maker. 

Bell Ukos., Ltd. 

— 

Brand. 

Clarence, 

Skinningrove. 

Grade. 

1 

3 

4 

1 

• 

No. 4 
Foundry. 

Irifh 


91*059 

91-805 

92*644 

91*003 

91*802 

92*424 

Grajihitic Carbon 


2*78 

2*91 

2 -HO 

3*35 

3*020 

2*970 

Combined „ 


0*52 

0*38 

0*30 

trace 

trace 

0 190 

Silic.oTi ,, 


2*91 


2*02 

3*26 

2*950 

2*350 

Snli»lnir .. ,, 


0*031 

0*037 

0*076 

0*907 

0*008 

O-O.'iO 

Phosphorus •• 


1*50 

1*64 

1*50 

1-710 

1*530 

1*53 1 

IMau^iujese 


0*60 


0*56 

0*610 

0*600 

0*480 


Table III.— COLD BLAST PIG IRON. 




Makoi. 


M. W. CuA/EnKOCK. 


I Bl.ArNA^ON. 

Brand. 


Cold Blast Mine Pig. 


Blaenavon. 

i 

1 

2 

3 

4 

5 

8 

4 

6 

Iron 







.. 


Graphitic Carlion .. 

3*07 

8-04 

3 12 

3*b3 

2*81 

1*55 

1*50 

2*30 

Combi iK-'d „ 






0*30 

0*29 

0*63 

Silicon 

1*48 

1*27 

1*16 

0*83 

0*57 

1*14 

1*12 

1*02 

Sulphur 

0*03 

0*04 

0-05 

0*01 

0*06 

0*09 

0*08 

0*09 

PhoBphoru.s 

0 43 

0':’.4 

0*44 

0*31 

0*29 

0-38 

0*10 

0-30 

Manganese 

0*96 

0*80 

0*94 

0*27 

0*13 

; .. ! 


! •• 

Maker. j 

UOLI)^ NUA1.R. 

j AI ADELl. OOD. 


Iron 

(^laphitic Oarboa 
Conibiued „ 
Silicon 
Sulphur .. 
Phosphorus 
Mtingtine^e 


Golden Jal6. 


h3*44 

2-84 

0*04 

2-lG 

0‘H 

0-85 

OGH 


NatL'leywood. 


112 -137 
3 J70 

o-:*or» 

1*471 

0*047 

0*403 

1*750 


92*025 

2*920 

0*570 

1*294 

0*053 

0-482 

1*575 
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Tablb IV.— SPECIAI.. BEANDS OF PIG IRON. 


Maker. 

Doc LAIS Ikon Works. 

BoLm>w Vaughan To. 

Alahama. 

Branrt'. 

Bespemer. 

— 

Forge l*ig. 

Grutle. 

1 

2 

3 

Forge. 

Mottled. 

VViiilC. 

Grey. 

MottlciL 

[ron 

92-80 


• • 

92*44 

03*60 

94*(I0^ 



G rapintic Carbon .. 

:{*40 


•• 

3*00 

1*50 

trn''« 

.. 


0)tui)ined „ •• 

0*307 


• • 

0-40 

1*50 

300 

.. 

.. 

Kilioon .. .. •• 

2*50 



2*00 

1*20 

0*80 

o-* 

Ot;o 

Siilplnir .. •• •• 

0*05 


m • 

0*15 

0*25 

0*35 

oon 

0 115 

Piiospiiorns •• .. 

0-05 


• • 

1*51 

1-50 

1*50 

0‘712 

0-73b 

Miiii^aues>o .. 

0*00 


9 m 

0*5,) 

0*45 

0*35 

0*27 

0-33 


Taiilb V.— ALABAMA PIG IRON, D.8.A. 


Milker. 

\Vo'Ji>sTocK KouNuur 1*10 Ikon. 

nraiid. 

— 


— 

Grade. 

No. 1 Siruug Foundry. 

No. 1 Scotch 
W(>«k 1 stock. 

No. 4 Foundry. 

Iron 

Gmphitic Carbon .. 

Coiiibintid „ •• 

Silioon 

Sulphur 

Plios|>]ionis .. •• 

MairigaiiCBO .• •• 

3*3t to 3*50 
0*42 „ - 
1*75 2-75 

0*02 0*03 

0*50 „ 0*75 
0*80 „ 0*95 

a-.w to — 
0-20 „ 0-24 

8 •.■)!) „ _ 
0-02 „ 0-0.1 
O-.W O-T.’i 

0-83 ., 0-85 

• 

3*06 to — 
o*r»o „ - 
1*20 „ pno 
003 „ o*ot 
0--15 „ 

O-OO „ O'SO 


For such valuable details and particulars we are indebted in 
many instances to the makers themselves, in which ense-s tint 
analyses are certified as characteristic of the results obtained from 
repeated tests. Where such particulars were not olitaiuable from 
the makers themselves or by direct analysis, it was then necessary 
to fall back on the next most authentic source of information 
available In no case, however, can we expect these pig iron 
analyses to do anything more than indicate some of the more out- 
standing features of the various brands mentioned. And, indeed, 
that is all that is necessary for our purpose here, Anyone de- 
siring to follow the characteristics of any of the brands mentioned, 
for direct practical reasons, would find it more reliable to make a 
private analysis of the different brands he may lie interested in. 
Having in the foregoing given the composition of a number of 
well known brand.-! of English and Scotch foundry pig iron, it 
will now be of special interest to note the following characteristic 
differences in the composition of different grades of pig iron 
classified under the various heads mentioned in Table VI. 
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Table VI. 



Ulch 

or linrnt 
Iron. 

Foundry Pig. 

torge 

Me. 

Jruii Cliill 

aiKl Steel 

OiiHl )Ii|l:s 


No. 1. 

No. 3. 

No. 4. 

MoUl< d 

White. 

Hematite Pig. 

Iron .. 

90*13 

01-22 

92*33 

93*08 

94* GO 

95 -55 

93*43 

Carbon, ('ombincil i 
eJiirboii, Gfaj>liilio / 

3*72 

3-50 

3*15 

2*98; 2*G0 

1 

2*43 

3*70 

Silicon ., 

Siilplnir 

2-82 

2*40 

1*90 

1*60 

0*80 

0*30 

2 -GO 

001 

0*02 

0*80 

003 

0*05 

0-23 

0-35 

; 0-02 

PlioispJiorus .. 

()-80 

0-88| 

0*89 

0*92 

0-97 

0 05 

IVlaiigaaesie .. 

2-lG 

200 

1*71 

1*40 

O-Sf) 

0*40, 0-20 


100 00 j 

100 00100 00 

lOOOOjlOOOO 

lOO-OOj 100*00 


It will now be readily understood bow that pig irons of widely 
difiercnt composition, some of which, by themselves, are consider(*d 
quite useless, may now be used in such proportions with otbeis of 
very different composition to produce castings of a pre-determined 
composition which shall have certain physical properties desired. 

In making a choice of pig iron from analysis, for the purpose 
of mixing with other known grades, it is, of course, necessary to 
understand the relative influeSce of each element separately on the 
piiysical properties of east iron. Taking each element in the order 
adoj)ted in the foregoing tables of analysis, we have the following. 

Ivor, — The fundamental element in pig iron, by reason of the 
increased proportion of the other elements, is always the lowest in 
bigli grades, gradually increasing in the lower grad(3s, until in 
wliite iron it has reached the maximum of 91 per cent. 

In foundry grades the tables show the following variations : — 

No. 1 gradc.s contain an nvemge of in per cent, pare iron. 

No. 4 „ „ 02 -52:> „ „ 

Showing a ilifTeronce ,• 1*384 „ „ ^ . 

Tlie state or condition in which iron is found in pig iron varies. 
In the No. 1 grades the crystalline form has obtained the maximum 
dimensions, as represented in No. 1 grade, p. 4, also Fig. 22, p. 

In these high grades the crystals may be removed ior ex- 
amination, and when tested are found to resemble malleable iron as 
regards softness and toughness, which properties they impart to the 
higher grades, and especially to the No. 1 pig. 

It is sometimes stated that these crystals are approximately 
pure iron ; this, however, is somewhat misleading, considering that 
the important difference between the higher and lower grades is 
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in the proportion of carbide of iron, the amount of which in the 
highest, or No, 1, grades may be so small that it is difficult even 
to find a ^ace ; the whole of the carbon present in which will 
be found to exist in the form of graphite or free carbon ; the other 
various elements being retained in combination with tiie iron as it 
exists in the crystalline formation referred to. The characteristic 
softness must therefore be due to its freedom from caribou, the 
latter always tending to harden iron when chemically combined 
with it to form carbide of iron. Generally spejikin;j^ the effect of 
carbon to harden iron when combined with it, is much greater than 
that of any of the other elements present in pig iron, or indeed the 
whole of tliem together. » 

Carbon, the presence and condition of which plays a most 
important part in the production of the various characteristics of 
pig iron, is derived from the fuel during the smelting process in tlie 
blast furnace. It exists, as is seen by the tables, in two distinct con- 
ditions, viz., the graphitic and combined stata In some analyses, 
however, the total carbon only is stated ; this will depend on tlie 
purpose for which the analyses are made. The maximum total 
carbon which foundry iron is capable of absorbing is from 4^ to 5 
per cent., the whole of which is understood to be combined or in 
chemical union with the metal when in a molten state. That 
portion which, when the metal is solid and at normal temperatures, 
has become separated in the form of graphitic carbon, must have 
changed its condition and separated at some period of the cooling 
process. (Further reference to this will be made under the head of 
Expansion of Cast Iron, pages 26 to 30.) 

As indicating the relative proportions of the two conditions of 
carbon existing in the different grades of pig iron, we have the 
following abstract from the analyses given in the tables : — 


No. 1 Carubroe graphitic caibon 

• • 

= 3-90 per cent. 


„ coiiibincd „ •• 

• • 

5 = -07 

}> 


» Total „ 


= 3*07 

tt 

maximum. 

No. 4 Garirihorrie graphitic carbon 

•• 

= 2*20 

ff 


„ combined „ 

• • 

= -90 

» 


„ Total „ 

• • 

= 310 


mhiimum. 

White pig iron grapliitic carbon •• 

• • 

= trace 



„ coiiibincd „ 

• • 

= 300 = 

Total 
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Graphitic carbon is the condition of carbon as it exists in pig 
iron when not in chemical union. In No. 1 grades the amount of 
carbon set free has reached the highest degreei leaving sometiiues 
only as mnch as may be represented by a trace combined. 

The pres<iQce of graphitic carboy is easily distinguished on 
account of its mirror-like appearance, represented in No. 1 pig, 
page 5, og it adheres in flakes or scales to the innumerable sur- 
faces of the various crystals of iron exposed at the fracture of 
any high-grade pig iron. That this carbon is free, and not chemi- 
cally combined with iron, is readily shown at least to some 
extent by reducing a portion of such pig iron to a coarse powder. 
By simply handling the powdered iron the fingers will become quite 
black, the same as the eflect produced by rubbing with ordinary 
black lead or graphite. 

Comlined carbon, on the other hand, represents the carbon that 
exists in chemical union with the metallic iron in the pig, the pro- 
portion of which is lowest in the higher gradqp on account of the 
high percentage of graphitic carbon shown to be present. The pro- 
portion of carbon in combination with the iron increases gradually 
in the lower grades until in white iron it is wholly combined. 

It will be observed that the total carbon present in the various 
grades of pig iron does not vary to any great extent, so that any 
increase in the amount of carbon chemically combined means a 
corresponding reduction in the amount of graphitic carbon in any 
particular grade. 

In a castiiig, the relative proportions of combined carbon to that 
in the graphitic state de|)ends on the chemical composition of the 
pig iron, also the rate at which the casting is cooled. Some 
elements, as for instance silicon, have the effect of increasing the 
proportion of graphitic carbon, while the effect of the presence of 
sulphur is exactly the opposite, and will increase the amount of 
combined carbon. 

* The rate of cooling when increased, as in the case of chill cast- 
ings by contact with metal moulds, has the effect of increasing the 
amount of combined carbon, causing that portion of the casting next 
the chill to begextremely hard. - The opposite effect is produced by 
reducing the rate of cooling, as in the case of annealing, which has 
for its object the softening of the casting, and in which it will be 
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found that the graphitic carbon is increased and the combined 
carbon diminished. Similar eflFects to those just referred to are 
produced by reason of variations of the thickness of metal in a 
casting, such as castings of thin mchxl being hard owing to the in- 
creased proportion of cooling surlace exposed, cau-jfig it to cool 
down more rapidly than castings of thicker metal, the rate varying 
inversely as the thickness. (c 

Generally speaking, a high percentage of graphitic carbon 
corresponds to a coarse grain, large crystalline form, and soft or 
tough metal easily machined ; while high cipibined carbon has the 
effect of closing the grain, so that the metal is made finer, harder 
and more brittle, but may be stronger. 

Silicon in pig iron is derived by the reduction of silica in the 
presence of carbon during the process of smelting. The pro- 
portions in which it may combine with the iron depends omthe 
degree of temperature attained in the furnace during the period of 
reduction, high percentage of silicon l)eing the result of high 
temperatures, which correspond to increased < proportion of futd 
used. These conditions are also favourable to the production of 
high grade iron, with its high percentage of graphitic carbon. The 
highest percentage of both silicon and graphitic carbon will there- 
fore be found in the same grades of pig iron, and this, it will be 
observed, is verified by the figures in the tables, in which the 

No. 1 grades attain tbe maximum of 3*30 per cent, siiioon. 

No. 4 „ „ minimum of 1*4B „ „ 

The effect of silicon in cast iron is to promote the separation of 
carbon into the graphitic state, so that even a white iron may he 
made to have a granular * or greyish appearance at the fracture by 
the addition of silicon in the form of ferro-silicon. The silicon, 
when added, combines with the iron to form a silicide of iron, the 
iron in which was previously in combination with carbon forming 
a carbide of iron, the latter being, as already stated, much harder 
than silicide of iron. During this changing process it will be so(?n 
that carbon is set free. The effect of this is also the softening of 
the metal, which will therefore be more suitable for machining. 
By thus adding silicon a larger percentage of scrap ?iay be used. 

•• &iv the testa for eiicets pitnluccd by remolting, page 55. 
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The percentage of silicon, however, which may be added should 
never exceed that necessary for the conversion of the whole of the 
combined carbon into the graplutic state, in which case it^is said to 
have reached its limit of usefulness. 

'Fhe proper use of silicon, either by ils addition in the form of 
ferro-silicon, or by the careful mixing of different brands of iron, 
will enable the founder to produce castings successfully with higher 
proportions of low grade iron ; or when it is required that a high 
proportion of scrap be used, castings will by this means be softer, 
and shrink less than if no silicon had been added, both of which 
properties are most essential, specially in such castings as belt- 
pulleys, spur wheels, and others in which the thickness of metal 
varies to any great extent. 

Sulphur, on account of its great aflBnity for iron, readily com- 
bines with it when under the influence of sufficient heat, and as the 
fuel used for the smelting of iron ores is seldom or never free from 
sulphur, and at the same time is in contact with the metal during 
the ]U’oc('83 of reducHbn, it follows that a portion of the sulphur will 
pass into the iron. For the same reason it will be seen that to 
remelt pig iron in a cupola is another opportunity for the metal to 
take up additional sulphur from the fuel required to melt it ; every 
time, therefore, that cast iron is melted or remelted, it will take up 
additional sulphur, the effect of which is to harden it, until it 
becomes so brittle that it is unfit for use except when mixed with a 
considerable proportion of soft ifbn, or it may be tlie addition of 
ferro-silicon already referred to. It may bo mentioned, however, 
that increased sulphur, up to a certain point, will increase the 
strength. But, gonemlly speaking, the proportion of sulphur should 
be as low as possible for ordinary castings. 

The percentage of sulphur, it will be seen from the tables, is 
least in the higher grades, and increases in the lower grades, as 
shown in the following : — 


£glinj;ton No. 1 coutaiiifl 

„ No. 4 „ 

Cleveland No. 1 yt 

„ No. 4 M 

Alaltama No. 1 „ 

„ No. 3 M 


•04 per cent. Bulphnr. 
•08 


•03 

•10 

■025 

•O.tO 
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Sulphur, generally speaking, tends to whiten the iron, and in- 
crease the shrinkage in the castings produced. It tends also to 
make the j;aolten metal run thick and sluggish, causing blow-holes 
ill the castings, owing to gases being held in suspension and pre- 
vented from rising through the molten metal, whiah has eet too 
quickly. 

Silicon, as already stated, will have the effect of incripsing the 
iluidity, and otherwise counteracting the bad effects produced by 
sulphur, although for equal quantities the sulphur is much more 
effective for evil, being estimated by some authorities as even fifteen 
times that of silicon for good. 

Phosphorus in pig iron is derived either from phosphates of 
lime, contained in the ore, the fuel and the flux, or irom phosphate 
of iron in the ore; phosphorus being most abundant in those 
st rata where animal remains are found. • 

Owing to the great affinity between phosphorus and iron, all 
the phosphorus present in the ore and other portions of the charge 
passes into the pig iron produced, the con%ol of this element 
during the smelting process being quite impossible. 

It has therefore become a characteristic property of certain 
brands of pig iron, such as, for instance, some of those produced in 
]\[iddle$brough and other districts wliere the ores are high in 
phosphorus, and where ouly these local ores are used. 

From the various analyses given in the tables, it will be seen 
tljat in the Scotch brands i^ho^ phosphorus varies fiom ’91 to 
1 • 00 per cent., whereas in Middlesbrough brands phosphorus is 
1 * 50 per cent. 

The latter proportion of 1*50 per cent, will generally be con- 
sidered in excess of that desirable, on account of its hardening 
influence, also increased shrinkage on the castings produced. 

Phosphorus, however, may be, and is, excessively high in many 
other brands of iron, not on account of the ore from which it is 
derived, but by the addition to the charge of puddler*8 slag rich in 
phosphorus, all of which, as already stated, will pass into the pig 
iron produced. The only reason I'or using puddler’s slag is, of 
course, its cheapness, the greater inducements being offered in those 
districts where it is mdfet plentiful. Where the proportion to the 
charge is high, an inferior quality of pig iron is produced, known 
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as cinder iron, the ol^jectionable cLaracteristics of which are cliu fly 
due to the excess of phosphorus. 

Although the presence of ph(^phonis has a hardening effect on 
pig iron, it will generally be found that it causes increased fluidity, 
by reason of |vhich otherwise inferior iron will be found quite 
suitable for such purposes as omamentat casting, in which strength 
may be of^secondary importance. 

Manganese^ like phosphorus, is derived from the ores of iron, 
in which it is always present, although in proportions varying 
considerably. As an evidence of this we have the following 
abstract from the analysis given in pages 12 and 14 : — 

F<jh‘ngfnn iron (Scotch), from 2*11 per cent, in Na 1 to 1 *74 per cent, in 
No. 4 f^nwles. 

Clarence iron (English), from *60 per cent in No. 1 to *56 per cent, in 
No. 4 grades. 

Jilnharna iron (American), from *36 per cent, in No. 1 to *84 per cent, 
ill No. 3 grades. 

The amount of manganese taken up in the iron during the 
smelting process is dependent on the degree of temperature. Its 
prc'sence often produces a characteristic softness in a brand of iron 
winch otherwise would be comparatively hard, due, it is considered, 
to the combination of the mnnganese with each of the other 
elements as they combine with the iron. Manganese, again, hns 
a softening effect by reason of its great affinity for sulphur, with 
which it combines during the melting process, so as to form a 
comparatively light fluid compound which is carried off as a portion 
of the slag, thus diminishing the amount of sulphur left behind 
to combine with the iron, the presence of which it has already 
been seen is so undesirable. Manganese also effects the removal of 
blow-holes in a casting by its reducing influence on gases oonhiining 
oxygen, so as to form manganic oxide ; as, for example, the reduc- 
tion of carbonic oxide present in the molten iron. 

In addition to the various elements refeiTed to in the fore- 
going, cast iron may also contain either of the following : arsenic, 
chromium, tiu, copper, titanium, the effects produced by the addition 
of which, although not very important, are briefly indicated in the 
following : — 

Chromium does not readily con^bine with iron, which it causes 
to be excessively hard. 
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Arsenic imparts a jfine white colour to iron, but makes it brittle, 

Gold combines very readily with iron ; it serves as a solder for 
small iron castings, such as br^st-pins and similar articles. 

Silver does not unite well with iron, but a little may be alloyed 
with it ; it causes iron to be very hard and brittle,, The alloy is 
very liable to corrosion. 

Copper, if alloyed with iron, is not regarded as a hoj^iogeneous 
compound, but a small quantity of iron added to brass increases its 
tensile strength, 

Tin, with iron, makes a hard but beautiful alloy, and can be 
mixed in any given proportions, which, if nearly half-and-half, 
assumes a fine white colour, with the hardness and lustre of steel. 

Aluminium as a metwl is not found in nature, hut may be 
derived from every variety of clay, in which it exists as oxide of 
aluminium, i.e. " alumina,” CUy being a common constituent of 
iron ores, one might expect in such cases that, during the process 
of reduction in the blast furnace, aluminium would be taken uj) to 
some extent, and appear along with the various other elements 
usually present in pig iron, * This, however, is not, the case, and 
instead of aluminium forming one of the natural constituents, it 
must be subsequently added in the metallic form when considered 
desirable. 

Two methods of adding aluminium are usually adopted. The 
one, by reason of its comparatively low melting-point of 1500 
degrees Fahr., is simply to add it to the molten metal after it is 
run into the ladle, and afterwards stirring or mixing by means of 
an iron rod or feeder. The other method is that of forming a 
composition of aluminium and iron, called ferro-aluminium, which, 
on account of its higher melting point, is generally placed at the 
bottom of the ladle before the molten metal is poured into it. 

In the case of pure aluminium being added, from 1 to 1 J oz. 
per cwt. of cast metal is required to produce certain changes. 
And when ferro-aluminium is used, from 2i to 4 ozs. are considered 
necessary. 

By addition of aluminium as described, the cost of production 
is increased by about 2a. Qd. to 3a. per ton; this for castings 
otherwise expensive, may not appear much. But when the daily 
tonnage of casting is great, this item of extra cost reaches araounln 
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T7hich require considerable proof as to the merits of alumiiiiuiii 
before adopting it generally. 

In such cases the founder will be most particular in his in* 
quiries or investigations as to the various points of mefit clainjed 
for aluminiui^, some of which are as follows : — 

1. It makes the molten metal more fluid. 

2. It^makes the castings sharper fuad smoother. 

3. It eliminates the blow-holes^ and makes the castings sound 
and uniform in texture. 

4. It makes the castings a little stronger. 

That aluminium, added to cast metal, will produce in castings 
the foregoing desirable results, there seem to be differences of 
opinion, and this fact in itself indicates that its merits in many 
instances are not very marked. 

•One property of aluminium when added to cast metal is, how- 
ever, quite apparent, and that is its effect in producing greater 
fluidity of* the metal, so that it takes longer to set, making it 
correspondingly valuable in cases where the moulds to be cast are 
situated at a distance, wlfere, without the addition of aluminium, a 
higher proportion of bad castings would result through dull 
metal ; or it may be to save a considerable proportion of the metal 
being returned and emptied out as too dull, causing delay and 
consequent loss, as well as the cost of remelting. 

The effect on the surface appearance of the molten metal 
thus treated is also'very marked, the change being suggestive of in- 
creased temperature, supposed at one time to take place owing to the 
recombination of the aluminium with oxygen present in the metal. 

Increased fluidity, as indicated in the foregoing, will certainly 
be favourable to the production of sound castings, owing to the 
increased freedom for the escape of gases. Aluminium will no 
doubt reduce the presence of blow- holes in breaking up any 
carbonic oxide gas present, by forming oxide of aluminium, the 
result of which will be an increase in the carbon in combination 
with the iron. *5^ 

'When aluminium is added to the molten metal as indicated, 
before it becomes mixed it may be seen at the surface, by reason 
of its change to a white heat, due to the heat of chemical union, 
which at one time gave rise to the idea that the increased tluklitv 
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was due to increased temperature. This, however, will be seen is 
not the case, when it is considered that the total heat due to the 
chemical union of oxygen with all the aluminium added (even if 
the oxygen required were present) is sufficient only to raise the 
temperature of the whole something like 22*^ Faly. Such an 
increase, considering the high temperatures to be dealt with, 
viz. 2786° Fahr. for cast-iron molten, would not be w^th con- 
sideration. 

Total heat due to chemical union of one pound of aluminium 
with oxygen is taken at 1200 British thermal units, and the 
specific heat of molten metal *25. 

Ferro-£SZicon.— Silicon, although it is always present in pig 
iron, as indicated in the tables of analyses given. Some pig irons 
are quite unsuitable for certain classes of casting on account of 
their extreme hardness, and other properties characteristic of Jow 
silicon, and usually referred to as low-grade iron* The amount of 
silicon in a casting may be too low, owing to an exce-s |n the pro- 
portion of hard scrap added to the cupola charge. In such cases 
silicon may be added in the form of ferto-silicon, in the manner 
already described for ferro-alnminum. The composition of ferro- 
silicon manufactured at the Govan Iron Works, and suitable for 
foundry purposes, is as follows : — 


Iron 

.. .. 83*16 per cent 

Graphitic carbon •• 

.. .. *52 ,, 

Combined „ .. .. 

.. .. 1*8* „ 

Sulphur .. •• .. 

.. *03 * 

Silicon .. .. .. 

.. .. JO .*15 „ 

Mangaiieae .. •• «• 

•• t. 3*86 „ 

Phoaphorus •• •• •• 

«• .. *04 „ 


100*00 


Here the silicon is shown to be 10*55 per cent, so that when 
10 per cent, of ferro-silicon is added to the cupola charge, tho 
metal produced will contain, approximately, 1 per cent, more 
silicon than if no ferro-silicon had been added. 

As indicating the importance of silicon in the production of 
castings, some authorities have suggested that the different propor- 
tions ascertained would enable the founder to determine the quality 
of his pig iron according to the percentage silicon, instead of relying 
on the appearance of fracture, ijhich, as already stated, was too often 
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misleading. In support of this theory we have the results of 
W. J. Keep's experiments, as plotted out by him in Fig. 2. By 



means of these curves he shows iliat a well-defined relation exists 
lipf.ween the amount of contraction in a test bar, and the percentage 

I • 
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of silicon it contains. , So that the shrinkage of a test bar, when 
carefully measured, will give a fair idea of the percentage silicon. 
By the latter method it is claimed that the accuracy will compare 
favourably with even the most perfect, but in many cases incon- 
venient and expensive, method by analysis. ^ 

The curves in this diagram, it should be stated^ are more even 
than could be obtained by actual experiment. They njpresent, 
however, the characteristic changes due to variations iii size of 
bars and percentage of silicon, as indicated by repeated experi- 
ments which Mr. Keep suggests every founder should make for 
himself, so that the results in each case would be free from dilfer- 
ences due to differences in the working conditions. 

The above diagram also shows how the properties of the raettil 
in a casting are dependent on its thickness, as indicated by differ- 
eiices in the amount of shrinkage duetto variations in the rat^of 
cooling : showing that lower giades of iron may be used for heavy 
castings with thick metal, than that required for small thin Cfist- 
iiigs, and the resultant quality of metal in each case be practically 
the same as regards softness and general suitability for castings to 
be machined. 

Expansion and Conteaotion op Cast Iron, 

That cast iron contracts and becomes smaller than the pattern 
from which its mould was made is well known, to allow for which 
]»attorn3 are always made a certain amount larger. But that cast 
ii on expands during the cooling, or period of solidification, although 
asserted by some, has not hitherto been accepied as certain by 
many. It has been suggested that the general sharpness of cast- 
ings could not be obtained, wei'e it not for expansion causing the 
metal to fill the mould more completely. Some others have under- 
taken experiments to ascertain the behaviour of cast iron, from the 
moment it is run into the monld until it has become solid and cooled 
down to the normal temperature, and although such experiments 
have often led the authors to the conclusion that iron did expand, 
their proofs were as often considered unsatisfactory by others. 

The latest particulars regarding this point which have come 
before the writer s notice, are those derived from the separate 

•• f 
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fixperimente made by T/D. West and W. J. Keep, both of America. 
The rc'Gording instruments were in each case somewhat similar in 
principle, and the recording pointers made to cover a distance 
10*60 times greater than the actual variations which took place in 
the length^f test bar when cooling or expanding. In other respects 
every care seems to have been taken to obtain reliable results. 

. Fij. 3 is a diagram showing variotis results obtained by 
Mr. West, in which the first eight testa have special reference to 
the influence of increased sulphur, and t|te remainder to the influ- 
ence of thickness of metal in determinixi^ the amount of expansion 
and final contraction in cast iron. 
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Fig. 3. 


In these tests the variations in sulphur were produced by the 
addition of brimstone to a second ladle, into which the remainder 
of the metal from each cast was poured, and then stirred up so 
that it was thoroughly mixed. Test bars obtained in this manner 
fiom each cast gave the ^sults represented in each alternate or 
second test shown : viz. tests Nos. 2, 4, 6 and 8. 

From the first series of tests up to No. 8, it is clearly shown 
that increased subdmr will influence the amount of expansion and 
contraction of cast iron, but to an extent which seems at first to 
he not altogether in line with the theory of W. J. Keep, already 
referred to in page 25, Fig, 2. It will be observed, however, that 
in these latter tests, shown in Fig. 3, the percentage of sulphur 
present is far in excess of that which is usually found in pig iron ; 
and, as shown in page 13, w here the maximum is *10 per cent., as 
compared with * 306 per cent, in the latter tests. 

I •* 
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Generally speaking, these first eighAests confirm what has 
already been said regarding sulphur and its influence to lower the 
grade, increase the hardness and contraction of cast iron; whi'o 
the latter tests indicate the effects of Tariations in thickness of 
metal in determining the amount of alninkage, and th|se confirm 
the results sho*^ in Fig. 2, page 25. 

Test No. 9 in Fig. 3 gives an inte^ing example of in^reasovl 
contraction caused by preventing the natural expansion taking 
place, as compared with No. 10, in which a similar bar was 
free to expand. The conmlion suggested in Test No. 9, it will btj 
observed, is the same as that of a (^ting in an iron chill mould, and 
indicates that such castings are subjected to increased internal 
stresses, and therefore more liable to crack in the cooling than cast- 
ings produced in sand moulds. 

In addition to the properties indicated in the foregoing diagraip, 
Mr. Keep, by taking into account the element of time, has been 
able to point out several other impoitant features regarding tlio 
physical changes which take place in a casting from the moment it 
is poured until it has become solid and cooled down to its normal 
temperature, some of which are represented in Fig, 4. In this 
diagram it is shown th&t cast iron not only does expand, but that 
the amount of expansion varies in such a manner as to suggest 
three distinct periods, referred to by Mr. Keep as the first, second 
and third expansions; the amount and duration of each king 
represented by those portions of the curve which rise above the 
line A B, all points on which line correspond to the length of 
pattern or initial length of the test bar ; tho' contraction is there- 
fore represented by that portion of curve falling below the 
line A B. ^ 

By a carefully ari*anged set of eighteen test bars, also rep^-e- 
sented in Fig. 4, which were cast at the same moment and from 
the same ladle of metal as that which cast the Ust bar in coninju- 
nication with the recording instrument, from which the curves 
shown in the diagram were obtained, it was possilde to observe the 
various changes in the app^irance of fracture or physical condition 
of the metal from time to tin^ each of which conditions would 
correspond exactly with the state or condition of the other standard 
test bar, which was fixed in the recording instrument. In addition 
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to these observations, a|pirtJon of each bar at the same moment 
it was withdrawn from Jhe sand was plunged into ice-cold water, 
in order to arrest the furtlier .deyelot<ment or rearrangement of 



lined carbon were observed : — . 

No. Iteti bar tii If miutite ftfttir casting contained *60 per cent, 
odiuhiiietl cstrlxm.' 

No. 8 test har at i) niinnUs after casting contained *45 per cent, 
’coinbiuexl i arhun. 

No. Iti M har at 14 minutes after casting contained *06 per cent 
combined carbon. 

i$ 

from which it should he noted that no marked change in the 
u mount of combined carbon took place until 14 minutes after the 
metal was poured into the mould. Comparing this change with 
tbo corresponding period in the curve formation, it will be seen 
that the marked fall in the amount of combined cirhon takes 
place during the period of third expansion. This fali in tlie 
amount of combined carbon will cause a corresponding increase iu 
the amount of graphitic carbon, which should cause the metal to be 
softer and tougher ; and this has been verified in these experiments 
by the failure iu attempting to bore the test bars from No. 1 to 
No. 8, which were cooled earlier and in the order stated. Those 
bars, however, which were withdrawn during the period of third 
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expansion, i.c. No. 12 to No. 18, were soft and easily 

L>ored. These facts haTO sng^ested that to soften or anneal cast 
iron it must be raised to a temperature corr^ponding to that of the 
third expah^on, during Avhich, as has been shown, the combined 
carbon becomes separated into free or graphitic carbon, to such an 
extent as will cause the meta} thus treated to become softer. 

It is also shown by these curves in relation to time, that oxpan*- 
sion does not begin until about one minute and a half from the 
moment the metal is run into the mould, at which period the state 
or condition of the metal was ascertained by withdrawing test bar 
No. 1, which was then so red-short ihat it broke by its own weight ; 
it was noted, however, that the metal was set throughout, and there- 
fore solid before expansion began. 

Another imjratant property of cast iron observed after the 
mould has been filed with metal, is the well known sinking of t)ie 
molten metal which composed the head or runner, and especially 
noticeable in the case of heavy or thick metal castings such as 
liydraulic cylinders. No doubt this sinking is due to the expansive 
property of cast iron, referred to by West as shrinkage in contrast 
to contraction, and explained as follows. 

After the metal' is run into a mould, that portion next to the 
walls of sand is of course the first to set, and will form a shell 
which at this early stage is filled with molten metal. This shell, 
however, after a short period, indicated by the diagram, Fig. 4, 
begins to expand, causing a corresponding increase in the capacity 
of its interior, so that it requires a greater quantit||i^of molten 
metal to fill it, the difl'erence of which is represented by the fall 
or sinking of metal at the top or head, and sometimes made good 
by adding tbe required amount In order to ensure a sound casting 
throughout. For this reason, as also the necessity of maintaining 
a sufficient head or pressure of metal near the top, it is necessary 
to have a very large head, especially on hydraulic cylinder castings, 
which is afterwards out off. The expense of cutting these heads, 
which must be thick, has often led engineers and founders to reduce 
the thickness where 4t has to be cut, so as< to form a throat or 
narrow neck. This practice, however, is sometimes carried to 
excess, so that the thinned portion sets too early and shuts up, or 
slops communication between the upper portion or head (which 

•• f 
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should have acted as a ;l|&8ervoir) and the casting proper, thus 
defejiting the object for which it was designed, with the result that 
the upper portions of the easting pe spongy, and unsuitable for 
hydraulic purposes owing to th^ feUure to keep in water under 
pressure ; an^ farther, if the casting referred to should happen to 
have a heavy bracket or other similai: formation near the top, 
when broken through at the thickest pjut, it will most likely he 
found hollow. 

Such cavities in lutings, occurring as they always do at points 
where the metal is thickest — as, for instance, the j^ction of one or 
more thicknesses of metal — are due to the met^ remaining longer 
in a liquid state at these points, by reason of which it becomes 
the last source of supply, made necessary through expansion of 
tlie outer shell, &o., already referred to, just as in the case of the 
extra head piece of thick metal, in which a similar hollow takes 
place ; but with the latter the cavities, &c*, are removed to a point 
outside of the casting proper. 1 *^ 

Cavities may occur at different points of a large casting where 
the metal is extra thick, due to the junction of metal and other 
causes. At all such points, which may be anticipated by reasoning 
and experience, the casting should be fed until the metal has 
fairly set. 


Strength and Elasticity op Cast Iron. ^ 

The phyi^cal properties of east iron are a subject which, when 
treated in relation to various well known brands, must be of con- 
siderable interest to both engineers and iron founders. The want 
of such particulars in the hands of foundrymen is perhaps too 
often the cause of the disposition to look unfevourably on cei tain 
brands, even when there is no good reason. 

In order to obtf in more reliable information, many iron-founders 
are now adopting the method of systematic testing, from which 
much useful and int^r^ting data ^ve been obtained. The in- 
creasing practice, however, of such methods is no doubt due in 
a considerable degree to the increasing importance attached 
to these tests by engineers, who, by reason of the failure of the 
test bars to come up to the conditions s}>ecified, may reject or 
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condemn castings, of th^ metal of wliieh tbe test bar referred to is 
a sample. To gnai^tee tiiis it is scanetimes specified that the 
test bar be cast as part of the casing proper, and afterwards 
broken off. 

With the increasing demand lor a machine snibible 

for foundry pm^osea, we hare tite result t)uit quite a variety of 
designs are now p use. In some of the stress is applied 
by means of diead weight, and ni others .I 7 means of a smaller 
weight, the effect of whkh latter may be ^ried by moving it along 
a lever until the desired intensity of stress on the test bar is pro- 
duced. * 

Fig. 5 gives an fllustration of a very suitable machine of the 
latter type, which m neither unnecessarily heavy, complicated or 
e-vpensive, hy means cS which any required test may be carried 
out for the tran^yeiise strength of cast iron. 



Fio. s. 

< ' > 

Fig. 6 illnstratM another form of a maehine for testing the 
tensile strength of metals.. This latter test is, however, not so 
often specified, hence such rhadiines are not generally adopted. 
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and indeed they are not 90 eil^tial ,fi»r testing cast iron when it 
is considered that by given here, 







a very acenrate idea of the ten^^ stmgth is obtained fimn the 
rosnits derived from actual teste vith transverse 


S » nltimate. 

in tol„ , 

W = breaking load derived froei ii'tnmayeMO teat in tons, 

B = breadth or Uiii^ess of transterse t^ btf in inches. 

D = depth ‘ .-H* ; V » „ 

Ji = length between iQ^P^ m ^hes. 

1*5 = a constant deri*aiti&fejtoretacal cemsiderations with 
reference to tiio isti'ains and stresses occurring 
in a beam or t^'f.^r^of 'rectehgnlar cross wictiou 
when snhjected t^ a'load transversely. 



of cast iron per square inch 
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In the foregoing 8 and W are' both, as already stated, in 
tons ; W, however, may be, either in lbs. or cwts., in which 
case the v4ue of « ii's. or cwts. 

Cast iron is power to resist 

compression;, thfe, for taich data wo 
will refer to the experim^^ froia 

whiohoie, ^,WinB% " , c? 

: Baas hm. 

Figs, to loi page 85, fflttstra'I*' the 'rttrious forms of test 
bars used to ascertain the strength of cast iron. Fi^7 represents 
the ordinal method, of snj^xwting .a bar loaded transversely, 
tire snpjporting edges in nhich are not more than ^ inch 
broad. ,Fig. 8 shows andth<rf method, in which the sharp edges 
are replaced by comparatively broad hiring surfaces which, by 
reason of the circnlar .'bearings shown, are free to adjust them- 
selves as the set of the bar changes. With this arrangement the 
distance between the centrra of bearing at « a corresponds to fte 
distance between the knife edi^ at s s. Fig. 7, the load being 
applied tihrongh two simiW bdariog : jdeoes arranged as shown, 
one on each side at equal &t»&ce ^m the centre of bar. It is 
claimed that a tmer result fe olMaed by the latter method. 

The tranamve tek is perhaps bead; for machinery, constrnc- 
tional, and indeed a£ other iroidm in caft iron, partly because the 
strains set up oircroep(»id fo iSiose mo^ Hkely to occur in actual 
work, and also because it gives k >^|iij|j^,:Ssidmating at tlie same 
time the elasticity without the.use br^BpisivOly long test bars, os 
shown in the previous page. , 

As regards the form of ctoaf eeBtio(4 it Is suggested that the 
round bar will give results ^re unifem and true bn account of 
its being least ofet^ed by^ oodiiil^ .Wh»b ‘'^ lines of weak- 
ness. as mdiamted tife crysiidliim'jS^^ and 

described in Chapter ll, pa^ 5.8^*':^The reotangular section, 
Figs. 14 and 15, has .been i^ppted the idea that 

it will better servo for purp(»9i»'of omipanscm'wi^ other results 
with which at pre^t vre tai» the most femiliar in common practice, 
being the size and form genen^y by on^neers. 
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Figs. 9, 10, 11 and 12 illustrate varioos forms of tost Imrs 
used to ascertain the tensile strength of metals. In each of these 
the size is ^snally 1^ inch diameter and 8 inch^ long, and turned 
all over as in Figs. 9 and lOi. With, cast iron, however, there is 
no advantage in taming the test bar Hs whole, length of 8 inches, 
as is the case faf inalleahle iron; steel, ai^l other snch metals, 
becanse.with iron the small amodni of elongation iogso short 
a test bar could not be mt^sured. ;lt ffliherefoio.&ufloient to turn 
down a small, at ^ centre, as shown in. Fig. 11, allowance 

being made onUP pasting! It edtotild be meulltmed, however, that 
test bars tumw do^ give'ldwer xesalts than -the same size of 
bar not tamed, by reason of the extra stren^ of the original 
skin of the castrag in the latter. It shonld be farther stated, that 
the thicker the oaeting:,, of a test bar, and consequently the more 
metal reqt^^ jbo 1w. tamed off to make the st^dard size, *tlie 
lower are. ipp- results obtained. The reason of this is that the 
thicker a casting, other things being equal, the coarser and softer 
is that portion at the centre ; t^nd this has also the effiict of reducing 
the average strength per squaro inch of metal in thick castings or 
test bars, as shown by the following results of experiments mode 
by Hodgkinson ; — 

For test barB .. .. .. 1 2 inch, and 3 mob si^imre section. 

The average strength per in. j * ^ 

of section varies approxi"! 8Q 77 

matelyas .* •. ... 

The hall-sbaphd ends shoTim in Figs. 9 and 11 are particularly 
dearaUe for tensile test 'bus cast 'iron, as by means of these 
ball bearings the test bar i» free to align or adjust itself when 
the load is applied ; whereae in the case of. a trat bar tirith ends 
as ^own in Fig. 10, to suit the usual grips c^-i^e biting type, 
the bar is not permitted to adjust its^f, ia which case it may be 
twisted and strained so timt it breaks unddr a mncdi less load than 
if the stress had been properly appli^. Ba^ are obtained 

from bars with ends shown in Fig, 10, am thefefjoro not so reliable 
for cast iron. Fig. 12 represents a form, of te* W often used to 
ascertain the tensile strength of cast irom ^The method of trans- 
mitting the load here is by means of on ordinary shackle and pin, 
the latter passing through the eye of lost piece afS shown ; tlie bear* 
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ing parts, it will also be seen, are rounded off, so that the bar can 
align or adjust itself. Such bats are usually small in section, 
^ iiicli square or diuiueier; The metal, lioweTer, as indicated by the 
fracture of these, gives no idea the rtreDg& of the same metal in 
a casting in whidi the' thickn^ is greater, because the small test 
bar cools more raxiidly, and the me^ is consequently closer and 
stronger. The square bar is further r^jecUonahle on account of 
the irreghlarity in the crystalline fornur^ons jdready referred to. 

Fig. 13,* page 35, illustretes the atrangment adopted by 
llodgkinsou to ascei^in the rosistanoe of «tet hh^lo compression. 
The tost piece shoiirta at A is f inch diameter and f inch long, 
additional test pieore being inch long, or donUe the diameter in 
loiiglb. The end faces of A were carehiUy prepared to ensure a 
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the plug P, turned accurately to fit the circular chmber in which 
the test ijieco is pbiced. Some results as to the nature of fiaoture 
produced in cast iron nnder compression to destrnotiou are illus- 
trated at A, B, 0, D, 16, in which the upper and lower 
figures represent the test pieces h^ore and after the load was 
iipplied. 

J laving thus described some of the more important methods 
adopted for testing t£e strength ^ east iron, reference will now ho 
made to the value of such tests hi determining the different pro- 
pcrtio.s and suitability of the various brands wid grades of metal 
for different kinds of work tb be done. 

• Sec Tretlgold fiiitl lltHlgkmaon, * On tlie Strengtli of Cast Iron.* 
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Before dealing with the less apparent differences, especially with 
reference to the elasticity of oast iroh, it^rWill he interesting to 
examine different earv^eS^ in Jlig. I7,.win^ Jt^e been laid down 

in order to Aow moirtj cleuiy tije relHtiTOT^<^C0 of cast iron, 
malleable iron sad nuld steel, each of wHc3ffxdi|iple3 may be 
taken as representative oS. the different metaki, referred to. By 
anihysis of these curves the relative value 0f tlw different metals 
as regards their ie^itj and el^city are cl^y shown; such 
corves g^ve abo an ides,' of otto properties, ^ imtance tongh- 
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A B Ciim fnr c««jt iron, f iAtC Cntre' for malV*able iron. 

A D Curve for wild sitel. E L ’m ^ocU otirve «howB ihe elntsiic limit. 

17 . ■ 

ness and softness, all of which properties legaire dne consideration 
in the choice of a metal for constructional wwrfc As regards the 
first two and most important prt^ierfiea. to Tte observed, it will be 
seen that cast iron is much inferior to malleable irdn or steel, the 
latter two^having properties very similar tO eaidi other, and differ- 
ing only in degree, in which mild sted is mueh 'Saparior, and at the 
same time quite as easily put into shape, by for^hg, so that it has 
now replaced malleable iron to a comddeiabie extent Cast iron. 







TB8T PIKOES USED TO ASOlCtlTAIK STUENGTH OF CAST IRON. 3U 

on Ibe other hand, still continues to hold its own in the scale of 
inipoitance for two reasons: first, on account o^ its low cost of 
])ro(luc.tiou ; second, by its^JpBOj^y k j^mjag liquid at a com- 
paratively low te!mperatnre,;a|jii!W^,i^flaa.ba'^?nii info moulds, 
and good castings prodnngd^f 

In cast iron the imj^uetaiii ]^?oi^(^^''kj|^ticity is certainly not 
very marked ; that it poaisBSi^ Juki hoiivem, is clearly shown 
in Fig. f8, whidb repreiients « d^pnah^tic form the results of 
Hodgkinson’s eiperiinentt to aecet^ the degree 6f . extension and 
compression of cast im und» difierent latds, begmm^^ low, and 
gradually increased until -the tweaking poi^ was rented. Careful 
observations were also made, and note taken, of the amount of 
permanent set or recoil by removing the bad before prolfeding 
with the next increase of load, 

Tho results- of these compression and tensile tests are usually 
shown in two separate diagrams of different scales, ba| in Fig. 18 
both sets of results are drawn to the same scale, and placed together 
in order that the relative values of cast iron under compression and 
tension may he compared more readily. 

'J he test bars used to, obtain such data were necessarily long in 
order to give measureahle results, their bngth being 10 feet, and 
cross section 1 inch square. 

Having thus shown that cast iron is compressible,, also capable 
of being extended to a measurable degree, ho test should therefore 
be considered complete without data regarding these properties, 
either by direct measurement or qtbear. means by which they <»uld 
be estimated, as it is fro|^^ s^^^ta only that we can form any 
idea of the toughness and ebi|m|y, these latter important proper- 
ties being often lost sight of ratirely in attein|d» to increase the 
strength, snch as by lemolting cast 11014 ns ^own in Fig. 21, 
pagur).-!. , 

And, indeed, it is more'essential that cast iton for general en- 
gineering and constructional ptfijibses be tough and of moderate 
strength, than that it has a high, hreaking resistance if otherwise 
Jiard and brittle. The latter properties, abng with comparative 
weakness, are the usual characteristics of so-called interior brands, 
wiiile some of the best brands of iron, although showing no better 
results as regards tiieir re4stan;C6 to a dead load, arc much softer 
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A T Curve of extension anil tensile strenirth of east inui. 

A n „ f pennsnent set prmlueeil at eacli load. 

A C „ cornpri'ssion and roinpre.>sivc resistance of cast iron. 

AD „ periimnent Bet produced by each load. 
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and iLe ktter being often mixed with the former hard 

and ijilbrior qualities, ■which ktter ^one are of little value. 

To ascertain the two ; imporkfii '^)jroperties of cast iron, as in- 
dicated in Fig. 18, is practi<Salljr impossible by iSSWct measnrouient 
of the ordinafy test bars nsed, owing to the inappreciable amount in 
so short a length. "When we Consider, however, that the bending 
or dedocHng of a bar Bul»jected to $ transvei^Je load is entirely due 
to the extension and compression of those portions, whether abo\e 
or below the neutral axis A B, Fig. 14. (piige 35). it becomes 
apparcuit that any variation in the amount of such deflection may 
be talven as sufficient data for determining the relative values of the 
different pieces of cast iron tested as regards their properties of 
eloiigiitioii and compression. 

When a test bar has been cast in a horizontal position, the 
nj^per portion and surface is liable to be dirty and slightly houey- 
(joinbod, as indicated in Fig. 14, page 35 ; for that reason the 
upper side referred to should be so plaf*ed that it will be under 
compression when being tesU4. In this manner the results obtained 
^^ill more nearly represent the true strength of the metal without 
in any instance being higher; whereas if placed with the upper 
side nieiitioued f?o that it is in tension, the strength as represented 
by the breaking load will most likely be much below the true 
value. To obviate such tendencies to incorrect results, the test 
birs are often cast in^a vertical position, so that at the point 
of fi act uro the metal w^ill be uniform throughout. 

I'he strength and elasticity of different brands and mixtures of 
pig iron will be found to varj' considerably, the cause of which 
can often be traced by means of analysis showing the different 
compositions. Some elements however, as already stated, have a 
modi greater influence in this respect than others, when all are 
('oiiibinod together, as in cast iron ; and as a means of ascertaining 
a measure of the various influence referred to, it will be interest- 
ing io note the effect of each elenpttt separately when alloyed with 
}>iue iron, as shown by the results of a series of tests made by 
l^rofcssur Arnold, and subsequently plotted out by Mr. Hatfield 
in the manner shown in Pig. 19.* In these examples the pure iron 
is alloved respectively with about IJ per cent of each of the I'ol- 
, ^ • fci(*fc ‘iinsmt'cnug/Okh July, 
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lowing elements : Carlmh Silicon^ Aliminimi^ Manganese, Nicltcl, 
Copper, Chromium, Tungsten, Armtio, Thosphoim and SulpJmr. 
Ill addition the comparative , valued of pure iron, cast, and also 
when forced, are^feted. * - 

The latterjJPls will show how iaWeqmite phre iron would 
be for the various requirements of the p^nt day; its projK^rtics 
resembling mote nearly those of Copper fhaa .what is popularly 
known as iron. . ' ’ 



In these teats it will be observed that each alloy contained a 
small percentage of carbon. This is no doubt due to the ditlicnlties 
in the way of producing iron e^ely free of carbon. The different 
effects produced by each elemenFitlbufaiur dearly shown. 

Some of these elements, however, have a mcxre striking influciico 
tlian that indicated in the foregoing d&gt^ when all the others 
nre in combination, as in the case of cast im. Take, for example, 
the effects of silicon as indicated in also Fig. 2, page 'S), 
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both of which diagrams have been constructed from the results of 
ex perimeuts by W. J. Keep, It is here shown that ii icroased silicon 
produces an increase in strcagUi, |>^tyed-ths metal is 
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not more th^ J-inoh; h^end this increased silicon bass wcahon- 
ing influence. The diagiatn, Fig, 20, also shows clearly how the 
strength of cast iron dirndnishes as the thickness of metal is in- 
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<Toased, by meana of test pieces varying from h inch to 3 inches 
square. ^ , 

Having Jn tl|fi,,i(ii;eg^ng pointed oijt spme'Of . the more ont- 
sfiinding feattirej^|tt>’ohs»ved in. non gen^lly, it will be 
interesting noW'^a^e tbe foUoviring^^^fi^^aw^ in ^ strength 
i nl elasticity as obtain^ &om test htpss made from a few of the 
br.iiuls of iron referred to, also miitnres of same, the metal to be 
tested in each being melt^ in « mneible, in ordfr that the 
composition might be nnaltoitid,v% keeping the molten metal as 
free Irorn cont ot with the fud as ppssible. 

The conditions of loadi^ Hremst bars from which the follow- 
ing results were obtain^, are represented in Fig. 7, page 35. 
The distance between .snpports & S is 3(> inches, and the bar, as 
shown, is 1 inch thick and 2 inehes deep, loaded at the centre. 
I ) represents the deflection or set at the centre, the amonut of 
which was registered antomaticidly on a scale ettlarged six times. 
These readings how^lKr, were (diecked from time to time by careful 
direct measurement. 

I'lxe results shown in Tables Nos. 7 to 14, pages 44 to 47, 
will 1)6 of special value in enabling a comparison to be made between 
tlie oomposition of cast iron, idiown in Tables Nos. 1 to 5, pagfs 
12 to 14, and the relative strength obtained therefrom. 
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Tabis XIV. 



In these taUes B.L. is tbe “ BrealdtigJjoad.”, , 

The tensile strength atatei m each is dorived from the trans- 
verse breakiu" load by means ol the formula stated on page 33. * 
Tlie deflection stated is reprewttted. at. B, Fig. 7, page 35. 

Each of the foregoing resalts «|.transvor8e strength and deflec- 
tion is the maximum oldained after bxealang four test bars of the 
sitine metal. 13y an examination fracture it will be found 

generally that the strongest ham .,were .close grained and finely 
mottled, whereas in tim-case of high grade and even the lower 
grades of such as the Cqltness the fracture is distinctly 

granular throughout. ,, • • 

■ ' , ' UlXTUBlfK, 

In the choice of a suitaWe brand or gja^e of |dg iron, very 
much depends on the purpose for which it is.intended, the cost at 
the same time being duly considered. In sesne ea^, indeed, the 
Ifitter cQHHeration is all that is necessary, such a^'lor instance, 
metal fonH^ weights and other snuhor ge^ in which weight 
is the essential element. . ‘ , 

Nos. 3 and 4 grades of the MiddlesWoh^ l^ds of pig iron, 
such as Clarence, Claylan^ Cle^ani ;anid.|^icinmbagroTe, will be 
found even by themselyeis 'giiitn of regular 

form, being therefore least aFei^^ . by fiit^al stress dne to con- 
traction, and also for ^tin^ iili^Vj^eb, high tenale strength is not 
considered essentiah' from the brands referred 

to is very close, andi-vf5i^;.^|t-^^^b^ is otherwise sound there is 
little fear of leakage of wa^'tftm^Vsptm^ess, even when under 
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consiSetable pressure. J'or this reason most of the brands, will lie 
found Buitabla for hydranhdt^hnder .CB^nSP, eare being taken to 
have snfiBcialit .thiebi^ fif;;SQ^,^fo'*iigei,;.^y4eficien in tlie 
strength. . ‘ ■■ 

In ca^liBOf 'spnf. in which 

the internal in tho 

rate of cooling, 

tliose Tefeired tb‘-^jaiot m^4I^ ^ 'psed alone ns 

when judicionsly iP^ wife. and high grades, 
such asj* fist, insiaiisoe,, mlh of ^tnSfls Nos. 1 or 3, 

according io. tbb,jn$l||m^i.QF the founder and the. general character 
of the eastings reqmre^i ' • By adopting different brands and mixing 
as indicated, the jf^non&t of shrinkage is likely to be reduced, wliik; 
at tl^ same time, . of metal is tougher and more eWtic, 

both of which pre^rties. tend t«) secure the desired result; .mJ 
diminish the losses hrerueraciaihg ihrongh unequal contraction, too 
common when hard or infei^ l^ds of pig iron are used. 1 Jio 
mixture of brands sogge^‘%h‘ give a metal which is softer, 
end therefore more easil/ent machined, than when the Nos. 3 
and 4 grades of irem xefmxed to are used alone^ This latter point 
regarding roachiniog liecon^ of still more importance when the 
castings are smalh the rate of cooling bmng! therefore increased 
and the degree bf hflti^l^ .oorrespondmgly raised, so that tlic 
cutting speeds necess^y are &r below what might he adopted witli 
suitable mdfal* , > , 


When it is detired to hbv^thh maximum strength along with a 
minimum rff weight, as, for 'e?Emu'^, the sole plate, n;d||^ers, nixl 
other iren castings forming parts (^amarine engine, id^lppecially 
so when these are lor torpedorhoat- migiue^ the choice of suitable 
pig iron becomes a very iniport)tnt matter indeed. . . 

In the Clyde district the Rowing brands anid grades ars gene- 
rally held in high favo^, esp^aliy for marine.Sngine castings. * 
Far St^m CyUntjierimid fid/oe^ , 


Mumw md CornJenm% /v; '' 

(5;iit«berrle''‘Ko. ^ ‘ 


SumuacrlBe So. 3 

CoUuoss i J ' 
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In melting different brands of iron fin: the first timie, it is 
found that the resultu^ .metid is somenhid irregular in quality, 
and to ensure that it has been 

found advisable to r&dt ;misti^C8^;l^ and as the 

character of JdiO metal is idbo. cbapg^,'tho con- 
sidered necessary wilt deqiend '|^(i(^eity of ‘metal 

required. Bemelfog,. bowawr.^^^gst,3il^ nii' om^^’ioo for, 
on account of the ‘ po^Slidiiallb fike 10& per 

ton for each ‘ ■''' / 

The practice ^^oiOoie fonndriet is 

familiar, is fo have the fwegomg hr third 

time before it is run. into the moulds to take np S^' fcnn. 

Iron to be remelted is generally charged into the cupola early 
in the day, and timed so that it can be completely ran off before 
the ;uotal for found^ cast proper ia required.. , 

All metal to he remelted is cast into suitably sized pigs, uid 
afterwards stacked in. the nsnai Mmer, taking care to note the 
diflerent quality of iron in eadr H ta|| |^ ... 

For torpedo-en^e cylinders ahd' valves in whidi the .thick- 
nesses of metal are reduced to the extreme limit, and the strmtgth 
of metal specified correspondingly high, in ordw. that the weights 
may be as low as possible, the founder 'will''^md it necesary to 
use cold blast pig iron, in addition to those already specified as 
good practiced ordinal marine work 

The Ibllowing mixture has hitherto been fonhd tp meet the 
highest requirements:— ' \ 


I fibmeavon cold blast. 
Hgddleywuod „ .. 
Qoldendale 


} In equitl jiatta, all mdted togctliar 

Slid iwt ii^'piga ' ' ' . ' 


< "So. 3 giimmerlea b^ blast 1 tn .equal 'paxU^ HMSted logo&er time 
1 No. 3 Coltiieaa toiahig teto ^ 


The two qnaUt-ies 0^ r8iaelied.js^)N^peceeiiM unde^ classes A 
and B,are then chat^ togeth^ into the cnpda, and when melted 
are again run into pTgk>thek^m:iEff wh^.ls i^gi^.tn^^ remelted 
befoicheingrunintothemonldn, " 

The quality of the ktter .mixinre is m.iiomd re^tecis indicated 
in Table No. 13, page vdndh sho^ iih^to be rmy strong and 
bending. The fracture wffl imtnn^' be &aiid, close in the grain, 
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yet it is not exoesaT^y haurd or diDiealt to machioe. Thus we 
have all the pomt^ vhieli we can. hCjpe to obtain in one 

and th6 8ajae «a8t^";-|^;;i ^ .. 

Under. brands of iron is 

stmiger jtrfpgtb^^ taken by 

itself. ' It. of iron in the 

fonndt^v ; the 

natni»,!t>f'?l^; they will be 

It is 

the power whi^ .pMW^^ese qualities of 

various w duct Imr^n the principal 

advantage of fbi^ pan thus modify 

entirely at vn|i fl^^'ieBit^'of the metal aeeording to the exigencies 
of his VKffh^' .and of iron best 

A tluxrodi^acijQalhtai^.wfth die different kinds of cast iron, 
and the zesoite;plit(Ui^ mixture, constitutes one of the 

qnalificaticmB Of '.ifcaboA It is, like many other things, 

very difficnlt tp ae^ii% iu^'ian only be the fruit of numerous 
obs^ations and a length wed experience. 

The , kinds; pf ^'b^^ '^bich slmnld be mixed to obtain the 
best results, depenff^d^'miKdi up(m the situation of the foundry, 
and the qualities aC Siiph. ivti^ are most ea^y and, dieaply pro- 
cured in the im^eduto pe%hboinhood pandas the t^inal brands 
of iron differ oousid^bly ih quality in various kcalities, only a 
few genedd ponsideiiddeeip can be mentioned, as in purchasing 
thebuyw yrffl have to bis.<^ited mmnly by his experknoe and the 
posabilities of bbtidiupg aofttiple. as heari.ius zequirwmnts as his 
position afkn^'.' ? X'-':.' 

If pig iron is grey, may be improved 

1^ . adding 1 ^ 0 . 3 iron,;, or ^ which are 

preferable.. 

Very blsek , ^ wiff bear an addrObu of SO per cent, of 

Na 8 pig «. ; Jwn which conisiae |bh httle carbon is suc- 

ces^ly im^ved by adding J^p, 1 until the wished'for strength 
end tebture ere obtain^. , Iron fiom different, frixnaces ought to 
be mixed together, andj if tiiere is any ppaabiKtyof obtaining iron 
from different localities si&d different ores, it is to be preferred. 
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In all cases, however, it is better to mix No. 1 of one kind 
with No 2, 3 or 4, or samp, of another kind. ,, , 

A mixture which nudiin a dOS6;r«lid ecmpaet firej iron is the 
host both for strength oadx instance proper 

consideralaon jnnst be given to tlm for whi^ the iron 

is required, as it bjr noi 'm^MWS a mixture which is 

excellent for <me ttde^Bbly adapted for 

another class. . ThuS-i^ whM^^ itnli^^^ "clear ^ting for 

small ornamental wiia^^cxttiM xtoti^'^saf^ be lised for parte of 
heavy machinery, or for beante. mid gird^ . 

Iron which is a little cold shorty containjbg a ^ght admixture 
of phosphorus, does well for sucdi work; whilst for raiKngs or 
balustrades, or oth@r purpoSte where ^e i^ may he snl^ted to 
rather sudden strains, ,ibe pig ^ould be fine grained and free 
from^phosphoms. / " 

In order to obtain a mitel having the utmost dipperiness of 
surface, manganiferous iron ts strong recommended. For heavy 
castings vrl^. great tene^lo stre^h is reqnked, apicgeleisen 
shonld not !» used ; but if ah iron is required that will be good for 
turning and boring, as in ibe cam of steam-engine (flinders, a 
manganiferous iron must be used in sneb propcH'tions as will render 
it most suitable' for undergoing these operarious. Spi^eleisen 
alone does not give the right metal, os it c(mtaiuB &om 8 to 10 per 
cent, of manganese, which is too krge a proportion ; 2 or 3 per 
cent, of manganese is the best for giving a good difqiery surface,' 
which will continue in flm best ordor in working, and is 
consequently well suited for horizontal, stationary mid locomotive 
cylinders, and £»* other sliding surfaces. A mii^ possessing great 
fluidity in melting can he obtained by ■ a mixttoe of North 
Lincolnshire manganiferons iron with haHnatite and a Utile Scotch 
pig ; this gives a close mCtal which, though ^ffietilt to file, can 
be turned and bored with .teeiUiy. 'By the use of the simple 
ingredient manganese, a^ed jte 'pre^per proportions, iron for the 
exact character required oylindets, . valves or 

motion bars, can be obtained. , 

While ordinary cast iien c^te sparlte run from the 
furnace, and often gives off OCojt^mial bulhtes of gas during its 
cooling, iron containing mangt^^iese avolves so mn^ oombnstibla 
' E 2 


f 
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^ that npon^the surface of the metal ^ile flowing from the 
fnrnace is a i^eet of homing gas. While Q^e iron is cooling the 
gas is discharged in nomercms jets. Xrc^ containing manganese 
retains after .soUdi^laon mnch more hydrogoa than cast iron. A 
specimen of each kind d iron weighii^ 500 grammes [17 • 685 oz.), 
heated in a vaonam to 1472° Fahr,, g$i7e off the fbUowing quantities 
of gas: — 

Oarbonicaeid •« « ‘ 0*6 0*0 

Hydrogen •* 27*0 

Oarbonie oxide «• m 2*8 •• 0*0 

Nitxogen .. «. .• *» IrO «• «« 2*5 

The carboretted mangane^ ^es up much mote hydrogen than 
iron carboretted to the same degree. It is seen, then, that tlie 
presence of manganese in cast iron incnreases materially the occlusion 
of hydrogen, and diminishes that of earbonio oxide. * 

When a toiq^, close-grained castii^tg is required, borings and 
turnings of wrought iron are often put in the cupola along with 
the broken jng. An instance of such a mixture is trhm a powerful 
hydraulic cylinder is to he cast, fmr unless the mehd u very fine in 
the grain it will be useless for the purpose. Care and judgment 
exercised in the preparation of the t^arge of metal for the cupola 
will always bring thdr own reward, and substaiiifially add to the 
reputation of any. foundry. 

Morris Stirling had a process for making tough iron, which 
consisted in puttbg pieo» of wrought iron into east iron and 
passing them through the famaoe together. Host practical iron- 
founders hare, some particular mixtures oi^ irrm to which they 
attach great importance, and with reason, for npon the judicious 
union of diflerent Ismids of iron the ultimate value of the casting 
for its special purpose nuunly depends, and as carriage is an 
expensive item in deiding with so weighs a material, that which 
is lightest is, other things being equal, the bert iron to> employ. 


The S’csemotk ov Oasz Iboh as Aefboxed bx 
B sitELTINd. 

Cast iron, although sometimes comparatively weak when cast 
direct from the pig, may have its strength ooniddenbly increased 
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l>y rerndting, as shown in the dagmoi, F.'g. 21. The metal to 
begin with was c mposed of die &lktwing : — 

Cambne 1 .* m" .. •< parts. 

Skittningroyo Ko* 4 l|iaTt. 

6ho|t Scrsp •• »« ‘ #• 1 fp- 



The i^rticnlars given in the diagiam ace the result of experi- 
tnoiits by the writer, the deflection for each additionnl load being 
carefully noted. These resn’ts clearly show that although tho 
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ultimate strength of the metal was giadnally increased for each 
additional melting, the other important factm:, “deflection,” is 
shown to have coirwpqndiug^y deerea^, ^e metal gradually- 
becoming jnore brittle and (dose in-tlm grain, until after the ninth 
melting its ; character ■ma complet^/ chto^;^ from its original 
“granular" appearance to thtit of “white ism’*; previous to the 
latter state the ftactnre of the test piece was dietinotly mottled. 
It is incorrect, therefore, to jjgr that lemelting improves cast iron, 
unless qualifi^ by a Btetem^' as to the initiial properties of the 
metal to be treated, also of the purpose for which it is required. 

It may be stated here that the above remeltiug would have 
been carried still further but for the condition of the metal in the 
molten state, which bad become so thick and slnggish (even ut 
high temperatures) that it was impiossible to obtain a solid te.st bar, 
the appearance of fiaotnre at the latter stage being represented in 
Fig. 15, page 35, although outwardly the bar appeared quite 
sound. 

Having thns got to the end of this series of remeltiug tests, so 
ter as the present purpose was concerned, it occurred to the writer 
as a good opportunity to ascertain the effect of silicon inrestoring 
the quality of the metal which had become white by remelting. 
For this purpose 10 per caik of fcrro-stlicon was added (equal to 
1 per cent in the casting prodncedl, the mixture being melted 
again in a crucible and cast into the form of a t^t bar. The 
results are indicated in the diagram by a dotted Ime, and show 
that the metal had really been brought back by the addition of 
silicon to a state of comparative usefulness ; os seen also Ixom the 
racture. which was now somewhat granular although close in the 
grain, but folid throughout M oonqxired with the previous white 
appearance, which was extremely Iiard and brittle ; also so sluggish 
when in a moltm state that it was q^mte unsuitable for foundry 
purposes. 

In the foregoing teats, although the after rc- 

me'ting the t>^th time will he oonsidered very high, the metal to 
begin with w^ rather of an inferior ’'Another series of 

tests was mode to ascertain effect of lemelting on pig iron of 
the best and most expensive qualities, for wliich purpose the follow- 
ing brands were mixed tog^hM jh equal 'jwrte ; Gartgkerrie No. 3 
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Summer! ee No. 3 (Scotcli hot blast), Blaneavon,, Medileywood and 
Gddendale (Englisb edi blast); eqifdi ^ these brands bad been 
previously melted onoe. BS]|^i3^tely;a^ .in combination 

a load of 39CQ)^ at the a deflec- 
tion of *355 inch, which of , 13 *56 

tons per sqnaM inch, as .d^oe^ 33. 

Subsequent remeltings, as in tbe . general 

tendency to ra^ the nltimste biea^^ thirteen 

times melting, when the masimTun et^' i^.«y|i^,ed> 'Jllis latter 
test bar sustuned a l(M£d up to 5 150 lbs., ^^the : fc^ ti;<| |^ .of ore 
breaking. The deflection *31 inch, and the etiWlated tensile 
strength by the formnlaa jl^ieRed tq, 18 *95 tons sqaare inch. 
The test bar was I iachi>y 2 inches by 36 inches* loaded at the centre 
as sl^own on page 35, Fig. 7. As in the pretions i^elting tests, 
the metal after the thirteenth test beealto iring^h and difficult 
to run, until at the oxteenth melting it, was impos^le to obtain 
o solid bar. ' . ‘ i 

Having shown generally the natoie and dxtMoUxkl&o physical 
changes brought about by remdting cart iroh, #id reader will now 
be in a position to form an 0 |dnS)a cm th)S. following ideas, as ex- 
pressed by that great mastrt of the fonnilfflr’s ar^ Bob^ Mallet, 
who says : — 4 ^ ' 

“ Every melting mixes it np with 'more. or lert finely divided 
oxides and aiheates, in addition to which the earths, which are met 
with in the materials of the furnace, the fuel and the often get 
reduced, and their bases in minnte quantity alioy^ with iron. 
The conjoint effect of the foreign bodies iind difihsed oxides is to 
prevent tbe metal mnnirg idem in ^e ihoald%i<v making sharp 
sound castings; and affect both W the dinn^ oxidra and of 
the alloy with the jaetals of the eartliy, Weef, k to 

sensibly impair the nltimatB cohesion of irwi. 

“ These evils ate martaed, or rrther masked, 

by tbe increase of hafdh^ Wad the ,ap|axMkdi thirds wlnie oast 
iron, which are produced, by .ea^h successiye but the 

combined effect is not fhat ' t^ improveortt^ ’in;. the metal as a 
structural material, bpt al. 4olerijtTOtion ; although it is, as is 
well known, a feet that 'Qii^ euhesion of white cast iron is 
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innch greater than that of grey or darker oohnred motal, its co> 
efficient of extesaibility at mptnie' is a. gr<»t deal less; in other 
words, the stro itoi; so tongL 

“ For ss.othea. j^ting the facility and 

pejfeeiam ' it is to 
nii8lea|’i^.|HM|^i^|^^&i^t^ to tell hini'’^t the oftener be 
melts and to 'il^irtem times’ at least, 

the better lib^BBisflij ^ iaets are tiie^ :— -let. Every 

additional cut likely to injure, its 

quality as 4 strpcthral h^di^^'l^ addition of foreign substances. 

Th osj fii tfd oee'i.the' the coefficient ^ resistance at rupture, 

and may oir 'ia^f'-i^ itednce that of Qli^imte extension ; that is, the 
met8l,.hy rtioasl&^heiKiQies sTe^^er.ah'^ m^ brittle. 

2nd.. Evmy addi^i^bpblingaftmr melting' increases the hardDc.->8, 
density ai^ coei&^t nf lr^ at rupture of the metal as, last 

mdtei, but OOnsttytiy di^raei^ the coefficient of ultimate extension, 
that is, the met^ %. te-eooling becomes stronger, but more 
brittle. ^Tb^hm^ihiiit^'thie^ effects is found at the point where the 
whole of the east i^n has passed into the state of white east iron, 
it is ptodnc^rln.^tiu} chill,’ or in the ‘finery ingot.’ The 
effi^ mors its^i^^as respects the. melting in proportion as 
foreign bodies, hnThig more powerful affinities, and in larger quan- 
titi^are praimited to.jtiiel^t iron in the furnace; we may add 
also, as tihe.nalwroiof th'e^' bodies shall be more or less injurious 
when combing: tiim'etnth ; and as respect the eooUng, are more 
rapid in piqpdrtibn .as the rate of cooling is more so. 8rd. The 
ccmjm&t effect of restated and alternate melting and cooling thus 
may or may not result in a jnaterial po.<iscs8ing a higher coefficient 
df ultimate ccdlten^n. at ra^tpie, hut will always result in one more 
brittle) and thns d place of ^greater) structural value. 

As reE|ie0te..&9 .|prc|i«^ tiie mateml,'%.;j&e iron-founder’s 
Tietr, ite motddmg jjj^F^^^ dit^rated. 4th. It 

the ciB^ iron be aatomed to he very 

hngbf ^hite iinh, then it«iie certain that 

tlm .mating, no^ the ordinary con- 

dth^ehs of cnpiffa Qt air furnace, mit^ proye deteriorative, and 
that only.” , ' ■ - 
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Casting dibhcsp jteom the Blast Furnace. 

Tn tbe production of goods, ^ for instance, cast iron pipes, 

in large quantities dailf, t)^ ^ ^ iron becomes 

an item requiring oonmd^bto' tO Rvmd tbe expense 
of wbicb some iron mastery ' foundry 

business such as that refetr^ |>bui of tapping 

their blast furnace and runiiiDg ^q ,'n»Stal^^|^.wlo ladles from 
wbicb tbe Tarious moulds are casli^totead isf naming it first into 
pigs. Tbe natural result of this' direct m^od is that tbe castings 
produced are Tery irr^n^ar in quality, some at wfaldi Nrill hare 
the characteristic properties of Bo. 1, or big^ grade izoaf while 
others will be of that oas^ corr^ponding to low grade pig iron, 
just as when a bed of p^ronjis cast it is found to yield iron of* 
diil'ercnt grades, necessitating tiie usual selectmg process. 

Hydraulic and town water-supply pipes composed of the higher 
and softer grades, will be found daring ^e usual hydraulic tests to 
be too spongy, and sometimes burnt from weakness, while those of 
Uie lowest grades ate generally so bard and brittle that they crack 
readily, even daring the ordinary handling at tbe works, and 
afterwards during transit, resulting in si^^cessively high per- 
centage of breakages and corresponding tro^b ; flo tbat, altogether, 
direct-cast metal will be found ansnitable for such work. 

This process of casting direct is wot generally known to en- 
gineers, and in snefa eases the iron masters, adopting the xmreliablo 
practice referred to, often dmive at once an advantage not merited 
over other founders, who faithfully remelt the whole of their 
metal in order that it may he thoroughly mixed and of uniform 
quality throughout. Engineers, however, who have become aware 
of the practice of casting direct as described, take means as far 
as possible to.pre^^A,j^; &ey nsually also iaaert a special danse 
in their BpecilicaM||i^.8^Q<^ work, iudsiiaglliat all the ca.«t iron 
used must be resid^ in a cupda or dher jsuitable remeltiug 
furnace. ' ' . 

Various methods have heem adopted to ohtun a uniform mixture 
of tlie metal as it leaves the blast liuiaacei and preVkms to running 
it into moulds, in order to avoid the' cost d remelting otherwise 
necessary for foundry purpose^ hut Uiese, so &r as we are aware, 
have not been successful 
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OK eoire P0IK7B os^ili^ -iK kkstokikq casttkos, with 

ffilPBOtAI. BBTK^OB XO OttySTAIXIHE fOAUAIIOK OF 

It seems sofociGl; possible to exap:gm!ew^e importance in design- 
ing castings, of iM smnging their i^Hhes as least to iut(>rfc re 
with the natnrsd crystallkation, which come into ])Iny 

doring the ooolhi^l^ the metal • 

And yet this vit^ point of the founder’s hnsiness has receive.] 
bnt comparatively little attention from scientific authorities, and 
with the exceptwn of’a few able articles on the subject from 
llobert Hallet, and some excellent advice contained in 

ProieoKir Eerl’s * ^ijpttrgy,’ there are few worhs in which it is 
posable to find )f!%i^l||^matioa. 

The season is aot;^to se^. Practical hard-working founders 
learn Isom bitto Oostly experience to understand whnt designs 
are likely to reimE in fitulty cwtings, and the exact points at whicli 
they will fiiil. But ti^eee persons are not writers of books as a 
mla They contmit' themselves generally with pointing ont snch 
a modification in the doEdga as will remove its objectionable 
features, or . said in a very high tender in order to cover all cou- 
tingencaes in the jfiiape of An exception to this rule 

occurred when ■ 1^. S, II . Oubtidge,' oP^i^^IeBbyough, read a 
thoFOuglfiy pniofical j^per on this subjec^Hw mich a few ex- 
tracts are appe^e4.\ , 

It k of vital ijsippt^n^ that whi^ iuay have to design 

castings should ^(mt»ighly onfi^and the problem, "How docs 
the shape of the cia8tiag.t^ow the fines of crystallisation to flow 
so as to keep them in ■■^e moet compact form, and so that the 
molecules are not separated by Miy uhnatatal force ? ” 

The following remiffka on o^stalfiffidaoh^ ^1 have no rcfereucc 
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either to iron or steel whm U has nodergone the jH-ocess of either 
rolling or hammering, for ti^se aQ-tn-ariange the molecnles as to 
direct them from their ^ they pass from a 

liquid to a solid stata. '^e our attention 

to metals passing by the act 

of crystallisation; ahd,.pi!^ brass, for 

it is to these that tW &nudlk ! direct his 

attention and to exeni^ ^ Sk2i^|ii^.^f^)^tly. the founder 
gets the blame whmi sope p0t|Km' has 
tailed, even when no d^e^:^ api«eent to tjb} pninii^ted. It is 
asserted that the fott^ra have not pOt good hmtat in the easting, 
because it has I een o^ldnlai^ from a^^per formula 'what quantity 
of material shqnld caxt^l^ 1<^ ‘^mred. 4t the seme time it 
has not been consider^ in wlUcfa Tmy t|^e haes of crystallisation 
How,* nor by the -addition of many exereseenees to the casting, that 
they may have so^hntod it as to tender it comparatively a very 
weak thing. , ■ 

Iron which has been poured into a monld, on changing from a 
liquid to a solid jfate, becomes a mass of ,i^^^la. These crystals 
are more or less irregular, but the fom^inGid which they tend, 
and which they would assume if cireum8|9||m did not prevent, is 
that of a regular octahedron. This is Bn eight-sided dgnre, and 
may bo imagined to be formed out 
of two pyramids, having tiheir bases 
together. 

In Fig. 22 is a group of crystals 
from pig iron, among which one has, 
hy the aid of fevoup^iide ^.circum- 
stances, succeeded , in i’galning the 
natural form. In q peri^t crystal 

of iron all the lin^^ning the eppomlnang^s Sffo of equal lengths 
and at right angl^ to eaeh.oth^.;,': ^ese lines sic called the axes 
of the crystal \ " ''fvVt',' , - ' ■ 

Concerning this formalmB # Mallet observes : “ IWs 

a law of the- molecnlw aggr^G^up of crysWline solids that when 
their particles consoUdat^, nQd^t.|[to -Induimw of. heat in motion, 
their crystals arr^ge «1»| with their principal 

axes in lines pHffei*dfc«^;,tp..^'.«^^ or heating suifaccs of 
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the solid, that is, in the diiectioQ of the heat-wave m motion, 
which is the direction of least pressure mthm'the mass. 

“Hus is toe, wither iU case passing from a 

previously fused soiSd :iphe act;^fO(^i]ig inid crystallising on 
consblidetiop, W of '4 Bol^ iH>t,haTiDi^,;a bnt 
capable of assfmin^/oii^ upm Its teing sufficiently 

raised by heat so passing into it. 

“Ifor exaasi|»le,':tid^ antimony, bismuth, 

zinc, hard white ^st ir^ W ctyskllisable metal or atomic 

alloy, or evien any tdnary dro^i^ Coispound salt or hyaloid body, as 
sulphide of wteony, ealom^ eal-ainaumiai^ various salts of baryta 
and lime, chloride: ©f silvw j^^ Iead^ or evax organic compounds 
sneh as oamph^. fotd epei^t||^, proved they only be capable 
of aggregating in. a ery^'^tite Ibm nnder the inflnence of chango 
of temperatnre, as frOtnvfnsibh or sublimation. If an ingot or 
mass of any such body be brid^en when cold, fixe principal axis of 
the crystals' %iU always be found arranged in lines perpendicular 
to the hounding planes of the mass, that is to say, in the lines of 
direction itx which i^e;y^ve of heat has passed outwards from the 
mass in the act of <^|p^tion.'' 

Now, east ir(^il||j||^ of those crystallising bodies which, in 
consohdating, also this law more at less perfectly, according 
to. condilioi^ BO that generally it may be enunciated as a fact, 
that in lUtstingB the planes of eiTstallisation group themselves per- 
pendicularly to the surface of the external contour ; that is to say, 
in the direction in which tlx© heat of the fiuid cast iron has passed 
outward from the body in coding and sdidifying. This is bec'ause 
the crystals pf cast-iron axe always snudp^ and are never well pro- 
noun^. ^eir direotloixs are seldtw lipparent to tiie eye, but 
they are not the lek teal. Xhdr development depends — 

1. Upon the oixaxacier of cast iron itsel#>- whether at not it 
contains a large of eh^ically unedmHned carbon, sus- 

pended graphite, v^ich Karston diown to he the case with all 
q|Bt irons that present a cotoe, large-grained, sub'CrystaUine, dark 
and graphitie, ot. shining spangled fracture. Such, irons form in 
custings of equal size' tixe huig^t crystak - ^ . 

k Upon the size or tose .of fte toting; Resenting for any 
given variety of cast iron the ^iwgeirt |tod Ctotot aggregation of 
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crystels, but by no means the arrangement of them, 

which depends chiel9y — 

3. The rate at yrh^ the ^ been cooled, and 

the regularity' with wbi^ by cmiduction 

ii'oiu its surfaigas toti^efflto tnba]nii<^^|#t.^ and hence 
it is that of all castinffl^-li^h^ lb^'^i^ ’*-'i<>^HQ)at is to 

say, those in wluch . wl^iSaid. i>od' and 
very thick mould oa^ hmii, who^ j^ghrcbni^iaSia^ power carries 
off the heat — ^presoat the most oompietei and p^^sct devdi^ment 
of crystalline structure, perpendicdbr to the i^led sur&ce of the 
casting. In each the crystals are^ofien ]foahd penetrating to an 
incli and a half or more i^.thesiibMahce' of .tim metal clear and 
well defined. , ’ , , 

Those prevailing .Sections of crystalline arrangements may he 
made* more dear by reference to A, B and 0, b'ig. 23, which are 

A B 0 


FiC. 28 . 

sections of a round and a square bar of any crystalline solids or of 
cast iron, when the crystallisation is well developed, the dreum* 
stances affecting whid^ we shall consider further on. In the round 
bar the crystals are all 'ndiaring from the centre,; in the square 
bir they are arranged pdpeidieulwly to the:||^ ddes, and hence 
have four lines, in the diagonals of the squa^% i^di terminal 
planes of the erydials abut or htelodk, and about which the 
crystallisation is always confused ln^g<>ls!r. 

At G, Fig. 23, is a flat pfefei in seotioii. . direction of the 
crystalline radiation here follows ihe phmn of ihe fignre, with the 
exception of one deviation;^ dn^ii me Bte.same diagonal lin^ of 
weakness. The pairs of >4b^|nnakl, Jimun|| file corners nearest to 
each other, are joined by a long 1^. jatalld to the two long sur> 
feces. This line is also a line nf wt^ikness, as the lines in which 
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the crystals assem1[>l6 in the systems iMbngmg to each surface 
begin at the sni^^.^^.as the^«ftft^ng^^DQ^ ^ougate toward tlie 
centre. not form coii- 

peculiar ap- 

pea^c^<<a^”ipaB|^^^‘!|»^ it . 6^Ktee. but^if such 

assemble in icir&oes tlt:roagli which the 

heat entered ^ eas^g.' ^e'g^tev the heat the more marked 
will be this pecnliar stnn^mmi^ai^ithe ^w, ae before stated, applies 
equally in &i8 ea8e, .<di.''^^:^j^stafo ftnally assemblmg in lines 
perpendicular to ^ heated. 

Iliis can be no^er: — Take two 

pieces of iiim. which into a slitot, and heat one 

of them Just belc^.the ineitiii^'pic^t. To lUue^te the point in 
question, it must hd neta^tked: tl^ tolling any metal into a sheet 
dongates each cry^l ina direetkm petpenditmlsr to the pressure 
exettod in rolling, that is, l^&wise in '^e sheet, and if the metal 
is drawn into wire, the crystals are lengthened in the same way. 
By bending the piece . 1 ^ zino ifoat has not been heated, it will bo 
found that it is tougia,%«d can be bent many times without break- 
ing the ciy'Stals leugthwisd. Take the other piece of zinc that 
has he^ exposed tp-luHd. :tn it the crystals Imve tamed round, 
and imto %;ibed themselves lines perpendku^ to the surface 
through 'lirMoh htot enticed,! and, it vnll break when it is bent. 
Tbepecnliaticrystdlum stmeture is varied somewhat by the quality 
of the metal used, but it depends more directly upon the amouiit 
of ^ai pasting out, pr, ui icastiog, upon the rapidity with which 
the opetatiim is paj^ffmed/ 

it may hexe b^SnaHc^ tbat m castmg large thin plates, such 
as 'footing platesj, It is the practice ol the founder, when they are 
cast, open, to oover them or^. with loose sand as soon as the metal 
ceases to he liquid;' wd then to .totoove the swad, so as to ex])ose 
the Bur&ee of tiie. to the action oS .1^. aa in a crosswise 
direction, .as ; shown 23 ; toe 'tdgset'ih ddng so is tlie 

more rapidly to cool wll^; is longest 

in taking place. If thfo he, done, . ^..ylato not nnfrSqneutly 

hackles,” and thereby Ideto |tl:n&i^^ aorfooe, or sometimes 
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it actually spliia asunder. One ef the difficulties founders have, is 
to keep large flat plates straight, or .fie^m flyiag into several pieces. 
Whenever, therefcue, it is lines of tlie 

weakest points, and thereby to ^ cooling, as 

near as possible -to toe otoei* to ^hfitoee. This 

cannot be done at aH ibt ..jBi ' jiOtoble to 

uncover those p(»rtu«» bf a.ca8to^''tokMito-totMj|it>to«i^ {x»lionB, 
which would thus cool too ^^ii* 

Thus it is that Bometim^ mh<di jiidgin^ 19 . so as to suit 
the conformation toe casting, itod to iedtoc ^' lihes of crystal' 
lisation into solto fomu 88 will in sosm measure aetort desto^ve 

A 


1^0. at. 

changes. In toe large cjfcnlar plate, to which is attached a large 
portion of a cylinder, as seen la Fig. 24, it wo^ he inost difficult 
to get the totore portion to Cool, and toerebylinystallise in too 
same ratio as toe outer edge, for the heat is so mheh concentrated 
in the centre that those portions (^ 'toe mould cminot he removed 
until crystallisation has almost oonw' to reel It is of great im- 
portance that the pioportionc. of Ihe nmtfd toimld be amused so 
as to neutralise those two,. ^ reduce the 

lines to a m inimum. If A idtouhtf 'pla^ 9 l^t diameter, be cast 
and ent^m the edge to tod tonti^ to in F%. 2^ the contraction 
of the iroh by crystallisation i^ves va .opwring of li inch. The 
neutral strain ^ n this ^to ninst he very great, and many such 
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castings fly into pieces upon the least heat acting npon them. It 
is therefore necee^y to rearrange its {(wmatioa so as to reduce 

e . thd o^stallmtioa tb a paioicmm. This can be 
, ' ehangiag the form &bm a circle to one 

V thb shape seea in h^g. 24, ^Hng off four 
1 .aifles, thhs n^nmg ^e strain. This ex- 
K ahip^ showfhiriK impc^nt it is to pay strict 
^' attention hi i^cmng out of natural lam 
Jb'ju. ML If oH those who have the designing for work 
ni^ld ^ve att^tion to such points as 
those indicided, it wtndd be tho means of saving n^ter founders 
much money and lonoier a great deal of anxiety and 

trouble. . ,■ 

In Fjig. 26 a' Section: is ^own of a hollow cylinder in which 
th^ arrangement of the erystals is a! ways 
towards the centre or axis of the cylinder, 
whethm: the casting be that of a water pipe, a 
gpn, or a mortar. 

In Fig. 27, A represmitB a portion of the 
lower end of the cylinder of the hydraulic press, 
as first made for raising the tubes of the Brit- 
Fia, S6. annia Bridge, and which broke in the attempt, 

. . the end of the cylinder having given out from 

the side^ as shown at B, Fig. 27, und® the sevme water pressure 
to . which it ^ exposed ; tlmtls to say, the fiacture took place all 




Fi0. 37 


round and along the plane of junctiim of ^ coterminous erystals 
formed perpendicularly to the external and internal imr&dbs of the 
bottom and of the sides of the cylinder. This proves that such 
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plitiies of junction are of |>]anes in which the 

cohesion of the metal is lew thiwi the mass. 

'ibe particokr form^ &e design hy 

]\Ir. Stephenson inn « d of 

the fact that the fraotare of the connected 

with the sharp and sudden 
apparently any dear edneeption haVing^’^ 
hceu entertained of the crystallise laijiw 
upon which the fact depended,' A mm; . 
cylinder 'was accordingly mad^ and a 
section of a portion thhf k repre!>. 
sented in Fig. 2S. ,Tlus stood the 
strain put upon it, and remained nnin^ 
jured. t 

Here the principal axes of the crys* 
tals are all directed to the centre. They 
therefore gradually change their direction, and. thus no planes of 
weakness are produced. These considerations explain the general 
law as applied to cast-iron artillery, and which is as follows; — 
“That every abrupt change in the form of the exterior, every 
Kali(!nt, and every re-enteriM angle, no matter how small, upon 
tlic exterior of a cylinder, '-^n, or mortar, is attraided with an 
equally sudden change in the arrangement of the crystals of the 
iiictul, and that every such chang^^ accompanied wiUi one or 
more planes of weakness in the nuui^ ' 

The^atnral remedy for this , is to avoid all angles, 

allowing the metal, when possible, to flow in curved hues ilmtead 
of sliarp square comers. , 

In Fig. 29, A, B a^'O are sectkms of n cast-uoQ gun; the 
former. A, is part of the hreech through the, “ v^field ” square 
to the axis of the bore, and a section t^ tinmndn atoi' square 
to the axk of the bore. 0 is the section a reinforee ring. - In 
the plane of the axis of all these Ihei^e 'kro ^Oen^ in an exagger- 
ated form, the Erection of agigr^tit^ .and ihe planes 

of weakness resulting from it ^ . / 

It will he remarked that ilm sq^re pri^ectiohs of the vent- 
fleld ” produce at each angle ^lan*^ weakness which, in the 
case of re-entering angles, penetrate ^eep into the body of the gun. 
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That these plftuea So exist is eii^nced l)y the lines of frac- 
ture in the angles 

of the said of hydraulic 

cylindei!i;^i^#-^^i^ connecting 

pipe guns. A gun, 

Ute strain, must 

fail and position 

of these p|«aieffl* ]^ The con- 
clusion, eeeiQS.'n^S^^^'!^^ however incapahle the 

unaided in the crystalline 



artfttgent^itft jnrkw: patts of 'ca^nj^, such planes of weak- 
ness do; position item ^ causes pointed out. 

To obTia^, 4.w« t^vontald^^ conditions, it is best to cast a 
cyiinder 4 ir tiahsi WlHbWf tosa^s&d jbe core of mould from the 

.top^pr heaidi,1l|^AiMi»»^d tube down the interior ot tho core, 
and thw.iiSa^^ Apancs®^ of air into the int^iorof the cast- 
ing., interiors; cold air 

hotjreyefjljfetk '€asy' VVaira^B»tii 0 % and more 

effectim' fact is, tiH^.'hy^'iinjeoting.jtoP air down the core, 
the canted heat is reduced; ind pkced equality wMi that of 
the external surface, therelgr |>roduiang aupid cry^lisation. The 
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densities of the outer snd hmer surfi^ are dlso thus made uniform 
with each other. ;■ ‘ 

^ Now, as regnlari^ df cast iron 

depends upon the NguI^Kd^ :^£ed cools and 

the ware of beat Is surface, 

arranging the «a|'8tals im the tu. its transit, 

BO the extmt of der^jp^ ^tun^ size 

process of crjstsllioe i^l^s^fflnent tivldi it to .say, upon 

t he length of time the^t^^ tahss to dotd. 

The lower the tmn^atuie at Urhicb tlm flwd cast iron is 
ponred into the mould, and the more iapid% 'thc mass is cooled 
down to solidi&oatiom the closer wiQ be the of the metal, 
the smaller t ^c ^^iala, ^ fetter tmd injurious the planes of 
weakiXess, auipaie greater the speeifie gravity of the casting. The 
very lowest temperature at which metal can be ^ured, so as to fill 
every cavity of the mould without, risk of defect^ is that at which a 
large casting, such as a heavy gun, a hydraulic cylinder, or a large 
anvil l%5k, ought to be produced. Jt is h^e, however, that the 
difficulty of the founder heginsj and espeltaa^ where castings of a 
complicated form are required. The point, then, is to get every 
portion of the mould filled without cold shots, or collections of 
impurities arising in the metal from eddies or other obstructions. 
It is thus an absolute necessity tq. have the mebd as liquid as 
possible, and to get the mould filled as rapidly is it can he dona 
Founders know well that • accumulations Cf a .deterimsiting kind 
occur with dull m^ apd slow runnmgi aad ctperifflioe has 
taught that castings aw w«ih mow free Jb^ nf cold 

sliots and impuritiw, hjfiiuang hoi m^, 
lisation is not so perftMst in hjwvy ^ 

lions are often m.elted' togutb«,V^ degrees of 

fusibility; they will perhaps properly with 

each other. f '■ ■■ 

These irons, riiriuk un- 

equally, and not' 

body, but existing s«pti>icat^|i(il^^'S^^^^ and, if 

possible, pull completely attaj'^ tsU«Ug#e.ea^g to break. No. 1 
iron has a higher mdth^ ptihati’ti^di No. H, ma^ from the same 
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ores ; and not only do different gr^ee of iron ehrink differently, 
but of eastings^ easting will 

shrink in(^; one*. /JIBiiCW in every case, 

however* inerhas^* ^i^nkage. 3Slfr!,iojwer point the 

less ehrink^e* shoyr* as & other alloys, 

that a n^ixinx^of two hroiidd of a lower melting 

point fcan either, of them wheiifns<^ separably* and* on the other 
hand, a mixture of a number of h^nds of irc^ may have a higher 
melting point than any one brands^ It is 

generally considered that ohtMTOoa^ iron ka^'liigher mdting point 
than coke iron. Following np tim statement Ibat of castings poure< 1 
from the same iro^'^m lighter ehrinks liiore than the heavier 
casting, it follows tkat in making a pattern no part should bo 
tliicker than another, V'iJf course it is not possiblkin practice to 
adhere to this axiom. Much, however^ may be dc^pto avoid very 

sudden contractions in stape. Fig. 
is an. instance of one of the worst forms 
Ibr a casting, with a thick part and a 
thin part immediately adjoin u|g. 

"J be thin part naturally cools lirst, 

- Fio. so shrinking down to its final dimensions, 

leaving the thick portion still partially 
molten. When the thi^ portion cool^ the particles next to tho 
thin part ak A B tend tb eontr^fe away from the part akeady cool. 
This may cause the thin part tn bucUe/out of shape, but the in- 
ternal strain in any case will be such that a very slight blow will 
break the casting in two, 




•cwAFtEB^;;ii|j ■, 

' ' .'’.licrKu'' '■ 

“ Fdei., in the nt^PP^^ieoeptalioa of ^ Wm, is oail>o&aoeoiui 
matter which ma; he 'in ihe solid, the liquid, or ni the .gaseous 
condition, and whidx, in combining vdtb oxygen, gives rise to the 
phenomenon of heai” Such m the deSmtion of Dr. Siemens in 
a valSable pl^r on Fu^, and the leuhed doctor go^ on to give 
the following description of its action and power. 

Commonly Eq)eakiog, ihns development of heat is accompanied 
by flame, because the snhstanoe produced in combustion is gaseous. 
Ill burning coal, for inftan^ on a fire-grate, the oxygen of the 
atmosphere enters into combmation nith the solid carbon of the 
coal and produces caij^ome acid, a gas which enters the atmosphere 
of which it forms a necessary constituent, since without it the 
growth of tre^ and other plants would be impossihfo. But 
combustion is not nece»88arily accompanied by flame, or even by 
a display of intense heat. The metal magnesium hums with a 
great display of light and, heat, but without flame, because the 
product of combnstiem is not a gas but a ^lid, via., oxide of 
magnesium. Again, metallic iron, if in a &ely divided state, 
ignites when exposed to the atmosphere,, giving rise to the 
phenomena of heat and light without flame,, becat^ the result of 
combustion is iron oxide or rust ; bui t^ same iron, if presented 
to the atmosphere in a solid oond^oh, doee nc^. ignite, hnt is 
nevertheless gradually converted into metallie oxide or rust as 
before. 

Here is then comhustiem without Ihe phenomena either of 
flame or light; hnt by carnal e^^enxtoni It is found that heat is 
neveiiheless prodneed, ai^ the amount of heat so prodneed 
precisely equals that obtsiw^^ morempidly in exposing pulverulent 



70 


FOUMDINO AKJ> CASTIKG. 


iron to the action of oxygen. Onlj^ in the Ja^r case the heat is 


developed hy 
'vhereum 


.Jifflj-joon as produced, 
^ ^ ^eStheeda thd rate of 
Bwii^Miilile.'e^ of raisin}' 
^»^i^';|^enlBthat^e 
^;'le^'{|''iaaj’fahsisnce which 

'W 


the 

haveto ’■^'' 

ifi ca|)a^ 0f 
whicb in w: 

In'''ti^_ 
should find 
fmpjdy of enh^inncet 
a dos^ inrestigati^ leteidG : the &et ' 
parativdy i^pea}dn^ hiidi^|h^^ The enn, 'whose hoams are 

the phyd(^ iwnse of that moves and Uvee, or that has 

the pwer vntiMUt^^hiprpsri^g^U^ or motioh on onr easth, is 
made perce|^iddeh9 oar n^D^ k the form of heat ; hnt it is lair to 
a^, what is heat, thnt it ihotild he eapable of coming to ns from 
the son, and hdng tmumred np in dor fhel depodts both below 


i|injb dgbt that we 
nn umxhaustible 
this head : but 
supply is, com 


and on the surface of the ei&& ? ^ 

Heat, aeeordmg tO' the ^^^beory,” is motion amongst 

the particles of the rahstdnbe heated, whi(^ inotion, when once 
produced, mi^ ho changed in its direotion awits nature, and thus 
be convm^ into.! mechanical «^ect, ezpressihle in foot-pounds ot- 
horse-pov&j .% m^n^i^ring this motion among the particles, it 
is made evident th not visnal organs by the manation of light, 
which m vibmtoryxiMfon imparted by the ignited substance to the 
medium separating ns from > the same, ^Ac^rding to this theory, 
which constitotes oich e£ flie ihost impoi^ht ndvances in sdonce of 
tho present ecnln^, hcht, lig^' ^iUidty, and chemical action ore 
only diffexmt mitoifeBtatioim of matter,” mutually 
convmrtilde, hut as indestnid^le as matter; itsdl Energy exists 
in two fo^, ‘'dynanue *' mr' " energy," or force manifest- 

ing itself to. ohr's^ises as yraght m moiaon^-as sensible heat, or 
as an wtiye deetdcal ^prianl j and f pt^tkl toergy," or force 
in a dormant cQDidiiikB, la ..^m^ibh forms of 

energy, tahe the case of Jifcg a;:^mght,“ faot high. In 

lifting ihk weight, Idndk, muschlar ma^gy W to be exercised 
in overcoming the force of giayitaMiim .^.'^ earth. Tlie pound 
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wcigbt, ^hen supported at the higher level to which it has been 
raised, represents.*' pot$al^.^ir^”'.)to i^l|^lp&^t pf one unit or 
“foot-pound.” 'Thu# in impart- 
ing motion to ^ 

amount of " work " ^ then, 
when raised t^nouglt repre- 
sents, mechameaQy the 

same pound of earkdi 

from oxygen, to is 

capable of deT^Q|N^|^tt^’ ' or 

unit quantities o{i|^^^^^€)9^.V<^..t|le_.l^{V^''^'Jmiit eotabtoa- 
tion, namely, ex(lli^^?!de{9i^(^ i^ teiiaperato!^ ^ in 

other words, the mec S^ iWi miergy set ^ ocimlmstion of 

1 lb. of pnre carbon, .is the same bb .be required to raise 
11.0UP,000 lbs. weiglit 1 foot highv^j^^iB. vpuld sostiuii the 
work which , we call a hbrse-power dUiMfjj' fi h^^urs 33' pmntes. 
In burning 1 lb. of <aurb^>m the' prince of free oxygen, ear- 
bonic acid is produeed^s^d . units of heat (a unit of 

licat is 1 lb. of water ,x|ii^..;ihrou^ 1° Fahr.) are liberated. 
Each unit of heat is by the dednctions of 

Mayer, and tlie actual {ne^ptoents of iToule) into 774 units of 
f«)ice or mechanical energy ; hence .1 lb, of carboh represents 
really 14,500 X 774 8=11,223,000 umis of potential energy. We 
thus arrive at the utmost Ihnits of work which we can ever 
hope to accomplish hy the combustion of l,ii^ . of rarhonaoeons 


matter. ' 

The three great hmnches the consnmpte of fuel are: 

The Production of Sfeam Power j V - ■;, . , * 

The Domesti© Ij^saiSih.j _ and ^ ■•' i. ■ 

Metallurgical and Obojp^l Fariarties. ’ ' ■ ■ " 

In eaeh branch considwalde yMgle'ci * 
say, that owing to defe^vec^-U 
sation of the heat .ohtauiedr 

all approaching its 

be effected in the tyro.'^^'J^^i^;^ve inentitmod, which we 
need not here reoa{Hlul^p]^.^e](he^^^|^^ to consider the 
t'onsumption of Fnel in mfi^^iOperatiohB. The smelting or 


that is to 
tote ntiii- 
at 
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metallnrgicalfarnaee oonsumeB about 40,000,000 of the 120,000,000 
tons of the e^l improTement. 

is'inore in excess 

of then is the 

«t' f 114, and the 
'teqiuira *114 x 2900 
= 3M. '^i'’4nH».to h^i'jy|^«itoa, ' A '|iO(Ui4- of ptire carbon 

deY^ps l4^(^hettt iGinl^ 12,000, 

Bild th^iN(6l» '*^d.it^;.<^:f^ of iron 'ip 

to the Wdiajf'pbihA ■.■■^::” ■’ ''' WFr 

In (if o<»l heats only 1§ 

ton of inm, iffid’.tbejMi^'^dneea only ^ part of-^he maximum 
theoi«tie4' ^^Av^ l .ton of steel in pots, 2i tons of 

ooke ^ aM^j^ng the melting point of sted at S600° 

Fshr.y ahd the spedSe heat at * 119, i||^kkeB ’ 119 x 8600 — 428 
hed; upits hieii: * pOun4 sted * taking the bcat- 

produehig power of 12,000 units, 1 ton of 

coke oug^t tp he able to todt . ^ deel The Sheffield pot 

sted-rndt^r^^iNitw^ thdref^ U^^fttili^ ^ part of 'the theo- 
rdaeal Itoet'^t^^oped in the eombi^^ 

As the subject fttd;haB a wider field in foundry practice 
than Simpj^ its Y^i^pn ^ the melting of cast iron, some farther 
refc^esre^^axdii^i^t^ bdarifie yaineeand tonperatures produced 
by &e eo)nhi|dh)itt^ ^6 Taiknis.&^ of fad adopted, will be oi 
interest;' -.if- , ■ ■' \. ' ■ •■''■ i 

In dealing' jpd>: the Mlowing data will be 

foimd asefeli-r - ^y..' ,v^^C^r ' '• *' ' V’"> ' 

,'.i V ‘ Spedftc Be«C 

;W^ca8tim(CI)'< ■ ?1W ' 

■ AUad^tCO,! •« '.v* 'W ' *2164 

,■ , ;.-i^,(«SB4»oei|»fflliae(00) ■ , « i ■ ”■« 'f.i.' .. '■'•2479 

■ ■•2182 

■> ., .. .v'V. 4,',; ,;:S440 

', './ ’Atoatinosphwj^^.^nQ-.^'' *2379 

' Sulphurous a«44(SOj> ;V ', « ■ '*1.159 

Waster «t , *• 'M ■ «•< *,*f' 1*IKM)0 
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Heat Dbvbi<ofbd bt Cabbob 'WBxti OaKnixnu.T ob pABTrAUT Bcbmuu. 


1. 1 ft. o/oortm bwMd 5^ B ^ 

form ' f ... , ; '' _ 

2. 1 Ih, of eoHm, ^ aa, 

pteteiy..toii^m ■ - ” 

3. 1 H). of 4i'4W ' 

4. 1 ft, 0/ cartn«ft''«^pjife' . 

qo»ip56f.Hy, t(> fiSm''^ , 4’;?V- ,*vV 


5. 1 Jh, of mfphw 
to form .. 




The amount lusat 8tate4 'm,i&xam{^'17ei.^^2 fiom 

tbe direct expera^eiilal mnlki Stated in sx«n]|3e Ko.. .4, %e latter, 
of which reqtiir^ to^ lie ihnliipUed by | in otder .'to dbtam the 
value of 1 lb. of carbon in the form of carbonic oiide ns distin* 
^uisbed from 1 lb. of earbonio oxide, wb^h contains only ftiis of 
its t<}tal weight as pnto carbon. ' . ! ■ /, 

In exanmle No. 3 the lesnli is dfirired infbrmtiially ly simply 
biking the mBerenOe.of ib|C results stated in Nos. 1 and 2. 

In examples Nos,' S anS 8,it should be noted that, although 
the quantity of oxygoh'^cmnlwing mid the weight of carlxm con- 
sumed are the same ih boi^|iot ^e amount of heat developed in 
No. 8 is much greater thui'that oIAained as in No. 2. These 
values are obtained in tlin following proportions 


Units of H«st. 

Total Iton^ obtained as in No. 2 fseeiitn^tag^ ^ 

total boat obtaii^ as in lNol 3 (first st^) ” 4403 ~ i ’ . 

The difference of he^t obtained in these two etages of com- 
bustion, each of which involve the same unoui^ of chemical 
combination, is understood to be absorbed hi t^h^jslpinning the solid 
carbon into a gaseous compoimd dnmg;^ ,mi^ 4dage. No. 3, by 
reason of which Ihe heat represented, by ti^ .Jws become 

latent. ‘ v'--" " 

The total heat of oombij^ica exipple .No. 1, it will 

he seen, is the snm of iios. values are 

as follows;— >•■ •, • '"-iV ' *' 

No.l. .•■Nft.'a.-',, 

■ 8-288:; 'V, 

To hilly a|>pre(ha^e.^tlii^;th0^^^i^ieteh^ all the more 
important when hi .is.'.aoftrfifer^ ' in many instances, sncb as 
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cupola vorking, a of fuel used is only 


burned to i 

stage it 

with 


and • 

famaceBt^ a^ «po^i:'; 
at the 

flame ptddi^.by 


8, at which 

unavailable, as 
considerable 

pif to which the 

usually seen 
biitbe .jcduttael^^ colour of the 
of catbonic bxm 


Oxysea’'’';' »*• 

OaboHloai^ ,i.' ,'0-fl4* „ 
Aqheeiw Tapfonr ' I ‘to 

■ ■ ■ • IMm 


Aniosraxiaa An.* 

I. KitHeaoid .. ^ 
'C:''!7':l^^;-’to‘'' ' 1 AmwpnMi •• . 


. KitHe add .. U .. I 
; Amnpnia .. .. ',<1 
Carburetted 
SulphanttPil %diPgm 
' SulplhO'.dioattie .. ../ 


TrnoeB in 
t(;wn8. 


Ahr, hovoVeir, to &r iMf its impcuisii^ 'ba metallurgical or 
foundiy putJioBes is coaeer^dy )aayil!|.^sid€xto as simply com- 
posed of mey^^'and nitrc^si, botl'!:j^ whidi are free or mixed 
me<diani^y^^litotim enoi^i:^i}^, is^.^ in separating 

them l^fc^psss. of joombnstiom l^e active element in 

air M ^ray^in^ 'tdm ^ro^ toting to .a diluent, its pre- 
sence fa^gabtolti^y.lt^^ pf(^ rate of comimstiou 

in the l^ibcagcn* however, so far as 

the pxodnottos ofb^to c^t^Oto^i .is nselees, and may 
often be a 80ar(m,^^i|l^^ble loss ai^ inconvmuenee. 

stated as'fi^lowi't^t; ^ ^ ' / 'v, ' 


Thai li^' •; •' 

Tto Vd&me.cl'l lb. cnblo ff*' „«t 
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Vduim and Wetf^ ef Air rtg^nd/tr (hmbiuti'on. ^ 

labB.llfAfer. 6J-'FaLt. 

1 lb of carbon bqameil to 00* •» H*6 « 152 

„ ,, IwrtlKll/bsflNPtidttoCam^ « 70 

„ n aaCO. « 76 

„ of snlphiir bmod io BO^ ** <!’a5 » 67 


Proiucis ojf Hi jiff. 

11b. ofoai:botk ylclBtt *• ^ B*d6 Ank t^i^t)oaio flfid<COi^ 

^ «od ja-^luS*rft<o*B»(K> 

Total weight of ptodbeii 4 * » 1 j*# Jb^ 

made ui) as follows : — , 

^ JAa ^ 

Carbon t* •# *« *« «* .» «• 1^0 

Oxygen 0 «• »* »• «• «• *• 

INitrogeu «* *« *0 *• g-W 

12«> 


TeMFEBATOBI! Dtrs TO xsa OolfVBBnON 07 Oakbob IB Aib. 

Uaring the prooees at eombastioo, tHh gssog formed in passing 
olT carry with them the total heat, vhicb is subsequently distri- 
Imted throughont the various sabsiances vriih srhich it comes in 
contact, until the said products reach the nehnal temperature. It 
will be seen, therefore, that the temperature of the products of 
combustion, as they are formed, mnst bo very high, the maximum 
depending on the specific heat of the different gases of which the 
products are composed, as stated in page 72, under the head of 
“ Specific Heat.” The maximum temperature of oombustioo, ju4 
as m the case of the caloriHo value of fuel, is depeodeut ou the 
couditious under which comhustkm takes place. The principal 
conditions occurring in ordinary practice are represented in the 
examples 1, 2, 4, 5, page 7>'l. To obtain still higher tempera- 

tures, the air necessary for combustipn is heated ^^ons to its 
eutering the combustion chamber, and in sneh oassa it is known as 
Lot blast. 

Having thus briefly eoBsidered the iiheorelaeal bearlags of the 
subject of fuel, let us now see whgt are the praefaQal conditions of 
the fuels adapted for our porposee. 

In dealing with the subjjeot of fite}»^ihi0 following Table XV. 
will not only be instroctive as representing Ibe chemical 
chnuges which characterise the tronmtion &om the lignites to the 
anthracite qualities <ff coal foe}, Biti it m^v also he taken to 
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represent ibe compo^tions of &e different qualities of coal men- 
tioned, v/iaSk exe ihe Quaji^ best knows ssd used in the various 
• ’ ‘ ‘ ‘ ‘ ^ ’ -I the country. 


l*Bur*XV*i 





■’witot 

dttklng 

Coai. 

HIM 

Hydixi^eii \ 

Oxvgew*, 

Nitrogen, •‘•X 

Afeh *. i. .. 

■ '.ds-s ' 

■ 'a'-i?'-::: 

■■■ 

i'wfi-': 

('■'Waia 

$-50 

•«S8 

s-w , 




The aj^icability of 'aig. Ooal to a paiticalar metallurgical pur- 
pose must depend ppps s csrefsl examination of its action when 
burning, physical etoranters^ and smdi analysis as those given in 
Tables XV. and.XVA, tt|i, latter representing some of the charac- 
teristic compositions <if . the qualities of coal obtained in dii!'ercut 
districts throughout the country. 

Tmle XVa. 


— ' 

POTtyjioot 
Cokiijg v..oal. 

Coal. 

ticotch 

Ctnil. 

ftnUtli Wrtlf.'. 
Aidlirm lit' t’o.tl. 

Carbon., aa'0*' 


'84 -.W 

77*5 

91-5 

Hydrogen ’’.v\ 


4-75 

5*0 

8*5 

Nitrogen ♦. •* 

1 20 

115 

1‘5 

0-8 

yniphur s, ». 

om 

0-60 

0*5 

00 

Oxygen 

5:80 

5*22 

0*1 

2*f) 

Ash and Water 

6-60 

3*71 

0*4 

1-5 


IQOOO 

100*00 

100*0 , 

100*0 


A primary condition which any kind of coal must fulfil to 
render it fit for employment in iron mannfacture— whatever its 
qualities maybe in other respects— -is that it shall be free from 
sulphur. The presence of gulphnrin iron is very deleterious to its 
quality, ^bdndmg that state of its constituted partides which is 
technically known as “ red-sbortness.” Hence the fuel employed 
in its mannfactni^ iuust not be callable of commuuicatiug this 
shbstotme tO it. It is mamly for this teaaoa thd; wood charcoal is 
employed when iron of an unusually toUj^h efaataoter is required. 
Ail coals' contain, sulphur; the purest, from to 1 per cent. ; the 
most impiire, 8 and even more pm’ cent • flie proportion 

exceeds I^.per cent, the <xial hecomes unfit in its raw state for 

• £ngiiteei July 22, 
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metallurgical jwirposes. Th^ the w^le p^nce of iron pyrites 
will at once sbow. tlie of the coal 

^Vhen a given spedinen of tbo^rj^al; .Ms been proved to fdl&l 
this primary condition of .freedom ’from', .snlphtir, u remains to test 
its other qualities which niiy rmi^ it a gopd m^lnrgioal coal. 
The caloriSo power of a . coal as we haw shown, propcntional to 

the amount of carbon it oontiins. "'The, ptoportion of ash repre- 
sents BO much loss of heat, bf^ides .the inobhvmiieDce which the 
presence of such matter occasions. .A loss' » due to the 

quantity of water present, for not only ^oes Ibolwaier constitute a 
negative lq» proportionate to its amount, but a positive loss equal 
in aiuountlWo the qnantity of heat ahst^ted to evaporate the water. 
Thus a large proportion of either ash or of moisture, or of both, 
tends to render a coal nnsuitahld In metallurgical operations 
lorial heat is required, and hence the coal employed must 
contain a very large proportion of carbon. This condition excludes 
the flaming and the fuliginous varieties of the bituminous, and 
those of the gaseous classes altogether in their raw state. The 
aiilhrucitous and the semi-hituminons classes, therefore, with the 
clear-burning varieties of the bituminous class, can alone be con- 
Kid(.>rerl applicable to this use. The two former cla^e also possess 
two other qualities ^\hich are required in the cupt^jl^ut whicdiare 
not found in bituminous coal, namely, strength and. freedom from 
a liability to cake. The great weight of the charge would crush a 
tender coal to powder, and an agglomeration of the mass would 
seriously impede the draught. The variety which best fulfils all 
these couditioDs is anthracite, but it possesses defects which go far 
to render it unsuitable. Though very strong naturally, it may 
lie reduced by decrepitation in the furnace' to the .state to which 
the weakest is brought by pressure. It moteovm^ t«quires, on 
account of its difficult combustion, a high-pressure, hot-biast, and a 
special C/onstruction of t.lm furnace, to avoid' a decent of the 
(iliarges, and a conseqnent loss in.:*tbe quantity of the metal pro- 
duced. In consequence of these defects, anthracite is ned largely 
employed where more suitable varMi^ are easily procurable. 
Such varieties are those of the a^tirramtouB and many of the semi- 
bituminous classes. , . . . - 

The defects possessed by. mis the'bitumiQous class may be 
removed by coking. This expels the volatile matters, and 

leaves as a residue the carbon stid the ash. In this state, that is 
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when converted into objEei jir^ided tjte conditions of freedom from 
nulpbnr jfssoprtion of 4^!i>d:ftdfil8di clear burning 

coals of 

purpo^. . ttf. the , lUtd ' seani-bitnminous 

claaseSj fl^ef fwSB vety Wgi^ ■ i In coke, carbon 

attains piapoif^n^ jArdaMs and the strength 

of the ccm^n^ibte tb^,.ia!Md»aiij»';^ advantage of 

converting bitmnim^ coal’ mt it atlcms the small 
coal, whi^;,8S sueh,.P nat^i-wbrthfeffl, to be otillfled. Coals of 
this class , do not the coke 
obtained from ib^, ]c^. e^Utei qnaUiy, Some variet y require a 
quick heat to prod.ime 't1^4Ki8t results, while some otWs will not 
coke at all after, some days’ ex^ure to the atmosphere. The.'^u 
peculiarities deamnd. WeM attention. One important gain from 
the process of cokmg consists in the' removal of the sulplinr pi^ent, 
therein miaUiag a ml to be utilitod for metallurgical purposes 
that would be otbarwise unfit for that use. . Coke, to be suitable 
for the fhrhace, besides freedom from sulphur and ash, must possess 
the qualities of hardness, compactness, and strength to withstand 
considerable, ,'i^Babiug %ce; that wbioh is brittle, or liable to 
crumble andS^ dnst^ is us^ess tor tbs purpose. It is also of 
little value , it can be obtoined in large prismatic pieces. 
Hence good c<!^, on cooling, sbould split into snch pieces, some- 
what in the sai^^ ^ eolnumar basalt. Its colour should be steel- 
grey, almost approaching to a silvery whiteness. An iridescent 
hue indicates the .pres^^. JC^ shlpbur. When struck it should 
emit a clear and mietollie ring. Frequently a large pro- 

portion of moistuto jb.iznpastod to coke by the thoughtless way in 
which the exiindson is Sonducted. by the bumera By the appli- 
cation of large 4^[uaDtities of wator, evils ate entuled of the first 
magnitndo iu the eccHiomioal the furnace. Coke is the 

c<>mmdn fuel' for &e cupola in eburitries where semi-hitnminous 
coal hi .i^^daut,. while in others^ sudr the United States, in 
whibb wilteaeito is the preriuling ml^rtliis is. Isrgely employed. 

Ciiarqoal, expehrive on Srat edi^fis but ee^lom used, and 
that only in isblati^ districts wlmre' .ektnuhe abundance 

and easy carriage. v’; ,V 

The earlier processes, by memuf of wBdi ot^ w%s derived from 
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coal, were naterallj d6V8l(»|p.eat8! of'.&e methods adopted in 
the produc^^^Of^.:ehan!^,jim:|^^^^ generally 

consisted of .^ply ond to form 

a pile, as shown in io ,I(!«iw# a eleai space up 

through the centre for tlie eombnstion 

and distilkti<m. The naore modb^ pffooefsos for mshing coke, 
however, are mnch imnre.catefiilly os^edim^ as regards 

the preliminary treatmmit' of., the eo^ In these, the coal, if not 
already small, is crashed' or gronnd' to a snitahle Aeneas, and then 
passed through an elaborate bat well arranged washing machine, 
in order to remove all dirt or other foreign^matter as far as posmble 
It is then passed throngb an additional grinding process, by means 
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of which the coal is reduced to a coarse powder, in which state it 
is now ready for charging into the ovens. 

Coke ovens how in use are of varions forms, including those of 
the Bet'hive, Appolt and Copp’eo sys^msj’i^^earhest which is 
that of the Beehive type, as shown in Fig. 32,. its hnms|i^ig de- 
rived from the shape, which resembles that (df ^e .t3eehive proper. 
The Beehive oven is now considered by many tohsea pr^itavnand 
wasteful process, as compared with oihor^ of m<^ modern 
systems referred tv) ; it i% however, istiU. extei^v^ ai^ted, and 
indeed almost universally- so, tlm manu&^hriiie of ckdee in 
Scotland, owing to the simplim^ ommkcoctum And the high 
quality of coke 'ohtmi^..hy ^ ^nS^fUctiim and, 'dimensions 
of these ovens at presmtt in for a olmige 4^ tons of 

ground coal, are shown in Fig;\3it T^e Beehive ovens, it will be 
scon, are built back to back, sovas- to form a double row or battery, 
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t}H‘ cliavjL^ingJteors for wliicb are aillfetge^l along llio ouler 
Wljtiii the OTTO lias been charged with ground eml, a biit*k pir- 
titioii. li,r. ife then built against it as showiij taking Ciirf^ to leavf* 
sjjuco between it and the door jjropei^, through wliieh the 
ne/prisary air for combustion of the gases must p^,and is directed 
io ii jvoiiit above ilie charge of roal. so that the gases only may 1*(‘ 
cn7is!iuH‘d, and as litile of the crjal or coke as possible, the latter of 
w h.)< ij means a corrowpouding rediK^tkm in the percentage of coke 
pi 0.1 need. 

'Fhe air supply in this process is maintained by natural 
dirnngiit, the hil(»t for which w arranged at tho bottom edge of 
do »j', w lu re a s]>ace A1 of about ^ inch wide is provided nglit 
acr.tss file sill. 

Somu after the charge is lit at the top and the fixing of door 
r 1) i? completed, the volatile constituents ot the fuel begin to 
• ■'(Ml).', the comlnistion of which with a regulated air snjiply 
iLo'ough tlie o]>ouing A I, maintains the heat nocissary for (umi- 
eit^tiilatioii. This latter stage is indicated by the ivdiictiou 
m \ \u> amount of tlamosoen during the eai lior periods of the coking 
j.rocess, as lepivscnted in the leit-hand oven of I'ig* 'oj,, 'riie>e 
tdjsrrvations aiv made, by means of email holes SIX pierced through 
liie doors, and affcerw'ards stoipcd up with small picco.s of clay or 
hum. In tliis manner also is tho noccssaiy vuiiatiou in the J^upjdy 
uf air through tlie ojscuing A L obiainod, wliich opening towards 
flu‘ «aid of tlio proct'ss has bocoinc coiiiph'U'ly stopped up, as any 
turihcr supply of air would lead to loss by a>mbust!Ou of the coke 
7;o\v jirodaccd. During ibis LU ter stage, lower cast- iron 

cover or lid, F C, which was reiriovod during’ the earlier stage to 
jvjiiiifc the free escape of the products of combustion and distd- 
lalioig is again replaced, in oidc*r to cut ofl' connection wiTu the 
m.iin Hue, and act as a damper to arrest as far ns possffle any 
tendonoy to draw am into the oven- . 

With the Heeliivc oven, tho coking process takc^ from 70 to SO 
hours before the wLoh^ of the volatile coaistituents havt^ been 
libeiated, leaving a mass of red-hot coke or earbem ; at this point Uie 
ovoii is hormelically Bcaled, as already stated, by replacing the lower 
cast iron lid or cover, F.C. Jn this condition the red-hot mass oi* 
cail'on it. allowed to remain for twelve hours, during wliich it tf»‘itlcs 
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down and ;be()ii|)ae^ aip:>re^9^ogefieon8 ^ in quality 

througbo:il^'^;>^&^^^b^,Qrpa^^^-’l)tq^ out, and 

aitarge».«^'%i6^^ for 'as possible 

the expDstu^ 'C^ ws i^-'hot jcathon hp the iui when the door, &c. 
are remcrve^ it « well dhuohed, water; % teeans of pails, until 
it is hlaeked out. ^|n tins p^per tihe whole pass has assumed tlio 
well-known ocdthnuar represented ih the right-hand 

oven, P%. whi^ facal%^.^ nsmoyal i^^^ hearth, where 
it undergoes careful action pmVtQUs to beiug'lbaded into carts or 
trucks for delivery. InvhandUng the- coke thus ponced, a bar]) 
or grape is hsed, ’having prongs one indh apart, so that the small 
pieces of CQlte,hi<e^ rosy Ml through and be left behind, as such 
fine parHctei’t^ 'Ihef would be of no use in the cupola, these being 
simply blc^ ont nnhdnsumed along vrith the products com- 
bustion at ihe /top, owing to the forced draughts* used^^bich by 
landing pH the adjacent roofs, &c., become oven worse’ than useless 
by collecting in considerable quantities so as to stop up the various 
rain-water ctmdiuts, which indeed often occurs even when the pre- 
cautiuits mentemed haVe been taken. , 

With tee Btehiv© oven, even aftar every precaution is taken to 
regulate and cut off the air supply, there is still considerable loss 
due to Combustion of carbon, so that the amount of eoke produced 
never exceeds 60 p«r cent, qf the weight of ground coal charged. 
The inefficiency referred to is dne to the direct contact of the air 
with the fuel 3he Beehive process is wasteful also, by disregard- 
ing the yalnab}e ,pii||^ such as tar, benzol, ammonia, &c., con- 
tained in tee prodtJ^^ diatilkb'cm, an indicataon of the value of 
which is obtaihedi.inwm tee following figures, estimated from 
results obbuned in gas-works practice : — 

Fr® 1 te» of coal aie produced* 

of 1C candle-Dovrergas is $80U>«.s ,17'Opcreont. 

PeaJWsis of tM .. .. = 115 „ . w 5-1 „ 

, , luinw „ „ , ... 177 „ 'as 7-9 „ 

■ ,CeJ» .4 .4 sslflCjjp .ss 7t»-0 « 


throughoiJi^s;^ 


.' 8iM():v -'> loo-o » 

■ ^uaUcBSafroai •Virgin ' 

tent te^.SC 11m. 

32i«se ite*ni?o«Ms of hydrogen not exist in 

tee coal as snoh, hut lure fonned durihgrtee of distillation. 

• Beo Waiilclyn, * Gas Engin^r^s Itimaaiy ^ Diu Tunge, on * Tav and 

Aminouia,* p. ,'J2. . ' 
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In order the fuel and 

air, also to to 

many diflerent ^ forma and 

Appolt systems, have naost 

approved of these now in 

consists of a series of long retorts, 

set so that each is surrounded vnth i; hollow eombaation: chamber, 
j»artitioned off* so as to convey the beiitih^g gas in a mg^zag dijpection 
indicated by tho arrows, until they reach the chimney flue. The 
heat and corresponding tempemture pt these gases is the result of 
combustion of the gases derived from the coal now undergoing the 
pr()(‘f>s of coking and distillation, after tho recovery, of the 
products, and whudi is now retunn^d by means of the Jnain gas 
pij»e il (t M shown, and, directed to the combustion chambers at 
the jx)iht8, A I, where also the hot air for combustion is directed 
to meet iilp The products of distillation are carried off* by means 
of the uptake G 0 and main outlet M O, leading to the recovery 
j>hint, and after treatment, being still of high caloritic value, is 
returned and utilised as described. In such cases, where it is not 
considered desirable to recover the bye-products referred to, the 
^;:{ises may be led direct from the retorts by way of G 0 to the 
various combustion chambers. As re^^ards the quality of coke pro- 
du(>?d, it is maintained by some that the coke produced in tho old 
llccliive oven is sujierior to that produced by the later impmved 
systems, which are said to obtain tii%» bye-products by disrcj^rding 
to some extent the quality of coke produced ; but tb^ does not 
seem to be any good reason for such statemen|^ ■ ^ ^ 

By these later improved ovens, as it 

will be seen that the thickness of coke le- 

duced. while in addition the working 'temperat^i^||^^ihsyerab!y 
in<‘i(3ased by means of external combusikm;^>a3$^|^|^ of 
winch tend to produce increased haidne^, iMiid out in 

])ractice by the following made on 

samples, viz, : — ^ ^ ^ ^ ^ 

Coke by means of extern^' strain of 
1298 ll>s, per square 

By tho latter of coke is produced, as 

compared with* 60 per cent;" B oven. 

o 2 
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When coal .coiiteins lefe tr^ 16 of Tolatile matter, 

the lieut derived by comhbsticai iiigufficient for 

complete distillaticm* She ^ espccklly 

ill Scotch coal, ie gerierally 'Cases there is 
a surplus of heat which escape up 

tlio chimney at ^ To 

eiroct a further’’ saving 1^^ 

tljrough boiler flues, andiii SpC^lly con- 

Btrnctod boilers without ebinbnstion dhaihteijs; 7^ 
asybb in it has been found that 1 lb. of watci^ 

100 lb's, pressure for every pound of coal charged into the ovens* 

Tlic objV’ct of coiiug, as already mentioned, is to get rid of the 
vohitilii constituents of the Coal and recover the ^sentjal element 
lor ilio protlnction of heat The properii^Af the coke 

or c.i i benAus obtained are also essential, anditre very different from 
tliiit of ^Hne former being mu<dx harder and stronger, so that it 
is c!Jj>iiblWlr*carrying heavy loads which would readily crush ordi* 
nary coal to a powder. Cote, however, is much lighter than coal, 
bulk for^ulk, 80 that the carts conveying it have their sides raised 
in Older that they may take a jM^uable load. Some founders con- 
sider i biit the lighter the coke thl^^ter the quality, and would rqect 
a coke the average sample of which when dry did not float in water. 
I’liis, although true for some qualities of coke, does not alw'a3rs 
liold good. 'Some cokes, hy reason of their close and compact 
luihire, Me so heavy that they readily sink in water, while for 
purposes of melting, as in a cupola, they may be as good, and even 
better than some of the lighter qualities. 

As indicating the change effected by the coking, process, we^ 
have the following analyses showing the of. coal, also 

that of the coke made therefrom > ... ' Si?' ' 

' ii^o&ich ^paH CrOir d 

Volatile matter (coataiaiag 

KlciiieivtsJ which go t6 form ' 

Carbarn ‘ i.- •*> '.*» , i.* 

Sulphur •* ■ »* <*♦ A,,, ' ’S2 

A)Sh mt »• ' •• ‘ ‘ ' 

■Water cxp'illecl at Fahr. ; ' •• ** ./ 


4-40 
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Beoieh CoHng Ceci Ai^^ti».puUitk«d. bg the iUihen. 

■; .,1 ’ ' •> ■ PteTfiii . 

'■>. i . V . 80-10 


' ; " ■': . '■' !;. ’ ’!'>■’ '' :■ ' . ■ '..’> ' ’:^™' ''.*: V -^;- '’*-. ' '^' ; ‘ ^ ■■',>■ ' 


lOO'OO 


, <j 8 ’ 1 pdr cent 18 cwtfi^ Hi Ib^ w. 13 • 6 cwts. of coke 
produced from one tm dried will give 

the foUomug app^Bmately i~ 


Sut/- 


98*383 

•147 

1-470 



*. .. 67 :oo 
>• ‘10 
'!#»', i*i )0 


If, hoi^TOr, U is .da^red to know tbe composition of 'too Tanons 
cokes pkccd on the market, with « view to making a purcLaso, it 
will he found much more reliable to obtain independent analy.’^es 
of those under consideration h(il||;,|initable samples, also clioscn 
independently, as tbe analyses nsmly pnbhshed by the makers arc 
obtained from samples no doubt ctitefally chosen, in order that the 
resnlts may be Ihte more faTontabla 

For the r^sons jnst Stated, the following analyses ^cre ob- 
tained from samples of cokes by different makers as snjiplicd to 
the wofks with whi^. the writer is connected, all of which were 
^^msidered of good ^quality, and quite representative of the best 
ccotcb cok^. made in and aioqnd Glasgow : — 

o » »t’ , ' ■ '/ • V.' ' Coinlio^Jlbl^ViMrtMmflrOrlxm inedch 

mmpfe JSOt^u: jy ^ 8ttu!pWt>iCblte*fls-inder. 


. '' „ w - a # . ^ ‘ ' '■ ' ’’ - 

. v' >74,' ‘ 


'■•r' i4‘lL9 , 'd’81 per ooDt . 

y; • 


&imph ,, 

A?i: 

Sulpbitf^ 


9^'li' W; .■. tr' S10;S3 per cent. 
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No. 3* 
IMoiniiire 
Ahlt 

Sulpliur 


Sttmjtlf No. 4. 
]\ToiNti»ro 
Ash 

Sulphur 


SonijiU No. 5 (tlrkff)! 
Mdisturo ^ 

Ash .. «• 

Sulphur . 


I, ■ ’■6'*; 30' ' 


CpiBl>ufrtU>1<' PcvrtinT) Carbon in each 
^ j^aiE^k vi iitnkk\ OB uiicer. 




per ceni 


11 - JO. V , „ ; ; '■ ■ ■ 




;,vH.,(ltlO -i .per 


0‘0<1 (ieroebt 
.10-80 „ 
1-30 * 


(100 - 12-00) =• 8R 00 iw rent 


The coke reprosetited by exetoplea Nob. 2 and 3 give ihe Ijest 
losiilt-j jl(|HtegardH the ll||!Bng coustituonts. Ko. 2, liowevor, may 
Ih' (iii.flidered tho bettw af tlie two by rodaon of its lower jwr- 
i-cnl. ge of snlpbnr. 

As compared with the roenltis of analyscB nsnally pnbliabc'd 
by iiiikfrrt, these latter wouli|||e considered comparatively poor, 
altbongii, as already stateif, rOprcoeiit coko which in acluni 
(‘ii]h»!'i jiiactioegnve good results. Another evidence of the quality 
their high market value, and ctpecially so in the case of tho 
<•1 ke icprescnted by example No. 2, the superiority of which was 
ill <> verified, as shown by the analysis staled. 

Gas coke being a bye-produrt in tlie manufacture of gas, it is 
]>l iced ou tlie allrkot in krge quantities, which at limes are not 
I isily di&]) 08 ed of, and in order to obtain an additional outlet it 
1 's often lieen suggested for foundry purpoi^s. The following 
.iniljsts is from a sample of coke piodaoai||i^ the Glasgow Gas 


Wo^lvS : — 


’ [ 

Moisture 

^ l7‘T^ier«mi 

S’ 


.. 24-76 „ 


Sulphur •• 

« '60 » 

WlmtlMiintUfT. 


42-45 « 

OOO - 42-«) » «7*63 per cent. 


Tlie moisture here is high, bi;it the amount, it will he seen, it 
ajiiit from the ijbcslion of the ijuahty of coke, as it may ollon bo 
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duo to prolonged exposore iu md; weather, wliich, of conrsc, will 
apply to t^|o^ w iolanor^q^ 

which' i»' to 

retard' the working 
tomperatoV^:'®^i|%^i^''H!d^\ptoihffled'-^gafa^ inoreasctl in 

and this, 

let^ hltiimtidy to .jto\c|ioWog:'^tfe fornace hy il» formati^^ of 
large rnass^ bf 'd^i^ .wd ^lag, with pieces of coke thronglunit, 
forming a ^afS^ uottodihe' tuyeresi such ss tBat shown in h’lg. 
47 . page ^21^ ;. Coii^ hojwever, may be found (^fcite suitable for 
such purpoaes^e|t cpre dr^ag ^ot|s, where high temperatures are 
objectionable, '^4 instead erf whi^. a Steady hat comparatively low 
heat is required. . ; ' 

Gaseous Fuat. 

The idea of transforming soM^toel into the gaseous form 
was suggested and simoessfully .<^|p|^t by M. Ehelmen in 18 12, 
Imt it was not nntil 1856, wluf^Dr. Siemens bad introduced 
bis regeneratiTe system, tbat the merits of gas as a fuel w'ero 
thoroughly appreciated. By means of these modificaylaons it wa-; 
now possible ito ubtain the highest temperatures required for the 
manufacture of soft steel, and various other metaliurgicul opera- 
tions, at the same time utilising or regenerating ^t which would 
<#herwis6 be losi Apart, however, hxm the po%er of obtaining 
tliese higher tcmperattir®, toe use of gaseous fuel is now, recognised 
to have many advaa^ teto .! . v 

The applicaik.n!l^st,iimportaqt to us at J^fent is that for 
the vaTtomhe^ug.at^’dfying^prot^^ whieha^'-late years have 
beoomiejs^ geuto^' in'lbe %ger fonndjt&i, e^feijially in those 
where toe Wfljrh is raore‘iSt'le^ 'dopij*a^,'j^|:i^ed out iu large 
qustotitito^daily from drytouid ^ulds^^nd eflicioncy 

of^ the systtoa fpr drying 'tohd|ds land «o^ deal to do 

tnto toe sneUess and progedto of tbeyto^h guui^t^llyv 

To transform or produce Actoh^fol^ solid fuel a 
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w'parate cLamber is neeewary, sa eftrijr of which is shown in 
I’lg. 34, built below jn directly 

witli the neces- 

iiUhough’ pertniU^ iit’d hi^, the 

heat of partitd;'(»nnbtis^^;i^^ j^,'|^^p;>^|^;^d4velqped in 
the ]iro(1ucer, has .oih^, in hutny 

iiistaiices the gas is inhiih larger 

diinuitsions, capable of sdp]^ .several 
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qualities; giM coke also fre^neuMjr used, eGpecklly 'vrlicu 
the it is plcn- 




f, ,|r6r|fflj,^wi3fire it is plcn- 
^^ii^'ilkMnmiion. and 


TLe^ 

red-hot lhd-ta,i^^iy^0ofejt’4s 


i|ecc'K^| 

the W; .mihsequenily 

tiaosfQrmeil^'jliii^'l^tioitwtiasH^^ through th<.> 

red-hot lhdta,^0'|^Oo^5[^«Kto' iSwfliopiio baado, thus (CO, + C-') 
= 2CO. <JflS;3ptC^Tjii^'.mm Ji« , contains only 

^ut 8.0 ^mbustihle;, ma^Htioili^ portion consist- 

ing chi^jf ,;ofi,';j»i^bgea , gas, which forms the lanjor part of our 
atmosph^iipfiwi actshete only as a d^tuefit (see page 74), which, 
although '‘a foF the proper rate of combustion 

in auimal Qfe^ is mbre often undesirable in metallurgical operations, 
especially wW it is nec^sary to dbtain high temperatures along 
with a high batoiidc efiSciency. , , 

It wih be;«ecn that, in addi^on to the production of a combus- 
tible gas (J(> m the manner described, there is ahio a considerable 
amount otheat^cTelopad by the partial combustion referred to. This 
heat being sensible, asjsindicated by the high temperature (aliout 
1000® ;Fi) *4 which; i^e i®»s in sneh cases may leave the producer, 
is ondi^imbie for pmetM. resins, such as the loss iu efScicncy 
due to (kblmg the process of distribution, which 

will, of <kame, ,mois^^ '^^ the d^tance, &c., of tlie 

order, to Hesses^ and alsd the w^r and tear, it is 

now the us^' fitae& tb inject, a .eqrtain pmount of steam along 
with the air!,., -^hei^l^, efito of thb'htM^'.as it, enters the red- 
hot fuel iOT^^"the;tilip^ktature of the latter; 

and ..the ■ heat,‘ tbOi -ha;; temperature, 

represenfe'^'i^B^igy spent' -'W-ieiMhMing .oe^i^ijsheiftting the two 
elements and 0 x 5 ^) p^vioustjf;;b3ii8ting in the form 

of steam (HgO).,; .The lji(iM»iat^ ;hy reason of it 
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greater ufEuiiy for the ac^'oenti ^bptt at tbe normal working tem- 
])eratnre8, sets free) ot hydrogea, which 

latter is eairied Qp passes off 

m-chanicailj, pro* 

various comlmsti^ ^ ' observed 

that the amoani of 

of the fioe hydrogen;, in the 

total calorific value; iais !^ same qt«aniity.. 
taken from the solid ^Vjiiid spent, in OTeloosibattg ^e ifiiemical 
affijiity and splitting tip jUie SteaiBi. as alrtndj- desoaied. The 
intro Jaction of - steam, then^ons, does not actually increase the 
total calorific power, although in practice it is htUffied to increase 
the calorific efficiency hy.dimiBishk^ the teiuperature of the es- 
eaping gases from tl» producer, from, my 1000^ P., to 500® F., and 
correspondingly, the loss hy couduction and radmtion dmtiug. its dis- 
trilmtion. The steam injected, it should also be oh^rved, when 
split up as described, becomes tbe source of a certain ^^oportion of 
oxygen without the usual proportion of useless nitrogen, as when 
the oxygen is obtained directly from the a,ir. , Gas thus produced 
by an addition of st«im directed through the h^hJy incandescent 
fuel will, therefore, be norrespondiagly richer by contaimug a 
higher percentage pi Cmnbnstible matter, which may range from 
40 to GO per cent.. The proportion of steam whidi may be reason* 
ably injected will, of course, , depend on tlie amount .or excess of 
li<!at available, tlie latter depending on the production 

retiuired. The mt^stty oroombustion .iai^diet^es^dmg tempera- 
tures, however, mpy eW be tco h^i cam^ nnheeli^ty wear 
and tear, and er«dt dimlrnctibn of - tho^ .of tl» producer 
near to the air inlets .or tnyepM,;. the &e*bars 

■which form the grrte surface, as ia'lhp exjiiaplp Fig. S4, are likely 
to be burut avmy, to Vycad wl^ Mow ihe grate 

as shown, where it is ojdleoti^^j^ii^; th ifeil^*jfow pan or other 
receptacle. The cooling tern* 

perature, is the result (formed by 

radiation) passing iplS^ and being 

decomposed as hoiSsBver, the quantity of 
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steam iutrodncocl be increased, as by injection, beyond certain limits 
deiivcd irom jptnotioalexperienco. it becomes obj^tionable by lower- 
ing tbe rate ^ ; as, indeed* b;;^ a snffleient injection of 

steam, ii<mtdd beaP^>io'4ain|> otit and eto|k iba pcooess of com- 
bustioii|pi^ the <d gee m>|irel;)r, 

If ^ fnel (mui^) eonU bj^ miat4ned et a snfficiontly high 
temperatnre capable of denotnpOi^tig a eoniinnous current of 
steam only, the resnltsiit gases yn>nld be cubonio oxide and 
hydrogen (CO 4'^)) Ibis product being free from nitrogdi, 
would conutituie what ie known as water gas, to produce which 
the fuel (carbon) Is nsnally placed in snitable retorts arranged in 
pairs so that the fuel can be^altemately raised in temperatuie }>y 
combustion with a current of air in the one, while iho iucandcscent 
Inel in the other becomes cooled by tbe absorption of hi^at reg^uiicd 
lor the decompofilUciin of a current of steam passing througli it. 
Tbe gas (CO 4* H) piSoduced iu this manner being free from tbo 
usual dilu^t (nitrogen), is therefore by combustion ca])uble of 
prodneing ranch higher temperatures than could be attained with 
tbo ordinaJ^ producer gas diluted with nitrogen, introduced along 
with tbe oxygen from tbe air. The latter, or ordinary producer 
gas, however, is more couTouiouily obtained by a coiitinuons 
process, and at tbo same time is more suitable for tbe vaiions 
heating or diyiog processes ri^uirqd in foundry proctiec, even 
although, aw stated, it may contain only 40 percent, of combustible, 
uh ^owu by tbo following chemical analysis of producer ga., 
which is a typical example of the gas jiroducwl, as in l}i-rii.u(l 
Dawson's pntcut gas poduccr, illustrated in Jfig. SO, pp. iff 
and US;-* 

PsoCvcitB Gas Ahaltsib. 


Uarlmnir Oxide (GO) .. „ .* 

itydiDi^cli (H> .. 

Uyilmarbim* (Cn,j .. ,, 

OerbifUic (i'O,) «. «• 

IfitioscD cN) „ .. .. M 


» CombnfitiMo 

.V « i‘S 

•« « 4*00 f, 

St l56'U f» 

100*00 IP volume. 


Say 4G per cent of comhusiiUo gases. 
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The foll<iiM!ag is a 0 (i!a 8 i(Iecsti<m of the pelatitre calorific ralno^ 
of producer gas^ a&«l thkjb p( tba aqtlid iael <xt oqal from which it 
was derived* , > ' < k 

To estimate tho tieihnifis M pfifStiiutet gas aa comiiaroct 
with coal, it w31 he ^ mtetvll^ the cbemuMi 

anulysin stated io tlw plretious |»age and it will' he seen that 
the clucf change from a e&loitifie Viev i« the carbon, 

the same weight of ‘whiidtji^ Aow m the gaaMHUt frXiD, rombined 
with oxygen to form earhomo oxide (00^ And as oarboa in t)ip 
solid fuel (oa0|l) the essential ektneht for the proiluction of 
lu' tt, it will now only be neoe^ry to ascertain the KMt'forodlncing 
pro])orty or calorific value of the same weight of carbon in the 
form of carboim oxide (CO), When completely burned to form 
caibiinic acid (00,). 

If wo now rofor to example 2, p. 7B, it will be found 
Hl.itpd that, by tbe combustion of one pouitd of oarlxm, in the 
(Msooun form of caibwc oxide (CO), to form ca^l|||toie acid ((X)>), 
the heat developed i^|U>il to lO.OW t whilst the finme 

weight of oaihou (ns it exists in the coal), burnt com|detely to 
loim COi «=s 14000 B.T.U’a ^ that, weightjM^'!jjw»j^|A of 
carlon consumed, the heat developed by the 
fuel (carltonio oxide 00) is 30*4 per cent, less tlMUt Ky coiu- 
pi *^e,||^bustion of the solid fuel from which it was derived, it 
V * M Jj/nl the amount of heat developed in the jirodnccr. due to 
]>arHa¥combnsiioTi in the formation of cnrbmiic oxide (CC) tm 
stated m exaniiilo No. 3, page 73, and furthei indicated by the high 
tiu'pnituies at which the gaseous fuel may leave the producer; 
MB, lot example, 1000* Fahr., referred to on page DO, which, iji 
mauy instances, is entirely lost by twndnction and radiation, 
while the gas is passing along the vaiiotra conduits to the diilereiit 
oumbusiion chambers, and cspemally so when these are at a cou- 
sidciable distance from the producers. l!1te Use -of steam in the 
gns producer, as pointed out on pago 90, bjr reda^mg the ieni- 
])eiature of these combustible gases as -Stated, to SOfr' Fabr., is 
a means at once of reducing tlm loss of eiSiciency fo this respici 
m which case tbe xeduetion -or diti»iHU» in aemnble heat statcil, 
iH an equivalent of tliS additional ealoriifie power of iho Ireo 
hvdrogon jireviously obtained by deoomlmtiitiDn of the bteam 
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injociod, and now availAble in the Qowbnatioa oS^Vrs alon^ 
with the earbonie <fi:i'de gw (00^^ Isti^ forms the major 
portion of ibs g***^ * \\ > ' 

Tbs wmbinsd whistSc'pofmM will now 

1w snob tbsl 'tbs kss;' in Sidott&o poxrcr of tiio 

coal hm wliiob ttisss maf now be redncal 

to trom ^ SSi pot m^'uststisd of per cent, as already 
stated, #b«a the csrboft and no stt.wm u-.t^d 

in the pmdassr. , ‘ ' 

Having thns shown that the total Wat doT^opad by iho com- 
lusj^n of prodtteer gas (ooinTeyBd at the normal or atuio''pheiic 
temperainre) is oonaidershly less when eotnpared with that deve- 
loped by direct complete oombtistum of the solid fuel (coal) hom 
which it was dctivtH, WS must now lode for advantages in the 
adoption of the icadfiBt in some other respects, and thie we iihd m 
the increased Whidi it offers in practice for tho Wttcr dis- 

tribotion of thliPheat developed, tho greater power of conti oiling 
and mixing the eonect proportions of gas and air so as to ohi on 
complete oombustion, therefore absolute prevcaiiun of smoke and 
comparative clmiilmeSB without excess of air, which is olherwisi^ 
impossible yfhm nod is burnt in an open grate as usual ; incom- 
plete oombustkm in foundry-stove practice when coal is uscrl being 
the cause of the heavy coating of soot deposited on the a/id 
moulds from the smoke produced during the drying proe«il|i> By 
using gas fnd considerable economy un also be effected by ad- 
juring the dow of gas to suit the varying requirements, or eviu 
cutting off the gas entirely for bouts without affecting in any way 
the gas-making process when it is again required. This jiower of 
control, it will be seen, is of the utmost value in effecting economy. 

It win be undetstood from tbs foregoing remarks on calorific 
valneB, that the adoption of gas is not aiwsys followed ly a decided 
saving in cost of fuel, although in other luspects it may be highly 
valued for ib(r various praciacal advantages it offhts. The cost of 
drying, we,, by tl»e uw of gaseous feel is, however, generally les-., 
and BometuncB eoundcrahly so, tvhen compared with that when the 
coal is oureod direet, ns iu tbs ordinary fire-place. 

llaviiig thus dealt more psarUonUrly with, the calorific value 
and the theoretical as].>cet cf ptoducer gas JgsneinQy,^ will now 
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points to l;ie 
iorms of vrhic^ fi&l 
Fig. 

angles, giving 
gas producer, 
and stands in ».-c$ii(^ 
carried on 


MM^e^ vanons 
rigbt 






f^firries the of^'i^id 

girder ’dips into tl^ to the top 

edge, as indicated hy tl^i^ter n-water seal 

equal to the dowhji^id’ j^jwUhg flange seal, if not 

sutBcient, would perrciit fcbe e^pe ^.ga& tod 4 ^'bB]^ in>der a 
slight pressure, through . the hottoto, the 

construction .show^, when »t'V»oik,'i^ att(^aj^^'|^^to ,or 
clearing away the ashes from flbe hcittoto cl prq^Hftt-iohliged to 
go ])raclically all round its (Krouiaferences, so thd«;rP|piWor'’k is done 
more uniformly than ikthose product in u'huii^-^ughmctonds 
to the outside only it certain p^ts, while si other points the aslies 
may be left to ^ther. In th« latter sxan);^Ss.the/flMd ihffide tite 
producer is supported iiregularly, l^eodnce 

the gas uniformly thronghpufc .. produc- 

in qnantityHi .8 .weK ah' <j nslitv: ffl. ... : ; 

The mixture of 

gas in this, of 

fuel by way of ■ ’£01™, 

&c., from thus 






;<Eid^' 0^^ said 


fitted to the 'top 
In the earlier 

clay, huUt snd was 

therefore^ pointed out, 



FOUNDING AND CASTING. 


is necessary accpuiit; is in creatino; 

the tuyere j)ij»r\ 


Thisit^l 




Siuall liole 


may l>o 

' By ' tnycro 

a ’^lace-" ia obtains. |'. 

^ &el is JBftnper by iineans of a be li 

an3 fflmewgba]^|pj^i5^e'^4 »• balauqed/opfiiiu.L? 

downwataa interior of prodiKcr. 

The.njpper a door, go that, 

when Ihe M|,if ^lainnHleation with the ajinoisjdifro 

is cut offiyt^sa?''^Yeiitihg tiie miixiiig or indi-uuglit of air, tlio 
effect of whti&'wbuM'be to increase the projwrtion of carbonic, 
acid gas aM .riorrea^dingly weaken the quality of gis 

produced. ' '. '. '' '■ 

In, onlmHmi^tain the .quality and regnlar supply of pro- 
duonr gfkMt ^side mast not be allowed to cake or hang 

in 8caffoW*iiEe fi^ktii^, air sniiply iniglit 

find an easy .^fifSjS^e iy fooniag elitenels or holes. In this mauticr 
the piopoitiiMi of;ea?Wiic,aoid gas (COa) would also be incim-fd. 
It is therrdbre hece^ry' fo‘ adoj^t some means’ for breaking np 
the charge,' oh^^jiuotainWi;.; 'it .as, fitt as possible in a uniform con- 
\dition and l^^g-np process in the producer 


fl^rtstmted and the arrangemeuts 


'any'^nd' eV«ay .l^jon ,'of .thg.'charj^’^vm^semi. and reached 
W^h 'Wt^ie.'^i^’|i^in,.or hais^'^.^l^^^M'-afe distributed 

hoiiper ; 

four ini' d^f^, ;ti3^y ftm roUnd the little above 

the co4ij4..;i^;^^!f':ceutrai tayetf ,:'^|)©^|t';#'>hksli holes are 
fitted o^'dq^iih^ all 

is wOTking w^ ‘•■S'? 
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It will le seen from this that a producer may he 

very simple 

Many other forms 

be mentiemed, Imt^^is purpose 


be mentiemed, bot^^is purpose 

here, es in many ',ea^ 'in the 

Vii’ious details ^referred^^:jV^, 'being 
intended to nepresemh^wh^^l?^ 

practice. ■ " . 

Ill using prbdncv gafn «^m^i»ble:.^t» order 

to avoid explosions. Tha is' estieeiiadly , thei "jcfhen .stAr t^ 

and lighting up, as the gas mmns may /dkisn 
which, when mixed tinth a amdunt produbor ga^ 

may form a dangerous flXpl<Mii^^^|<tare ready^^ go off if a light 
1«; brqpgbt in contact foUo^g precautionary 

measures should thwefore bb'm^itblly obsOrTed whtm starting, 
after all brickwork in the fines and i&re'plaees has been thoroughly 
dried and ready. In set^ng fire or starting the producer, the 
down-comer valve D V should be bhd;, and, tiie dpora, &c., 
opened for the supply of air; the hopper b^ b!ms|g,;td80 closed, 
and the top of down-comer only opened, then altt^ncts will 
escaped* there. When the fire is fmrly set- gox^^ldh the si^ 
doors, &c., are ^uh All the 'air mast then :o(^';ihiongh tlie 
blast- pipe and pass through t^ ihel, which has now, in! about lour 
hours, become so deep that the sar&ce is ^ Mt above the side 
poking-holes. Combusiable gss begins now is eSiMpie. id; the top of 
down-comer, the quality of which is .ascertah^ by ;^^ Ttmnnftr 
in which it bui^us. Wb^- the dame is' sfclisnj: :bmd,0>6 t^m-^ 
set going, the top of ■dpv!:ii»;rha^:;g|(^^ dosed.' 

and the valve H V <^)dibd,'to being 

produced maypass ,hito.-.'dm gas.''^ii^.i|^f^|ir;p,.,j^/3^ vnrto 
furnace doors however, 

should be made'at which 

the air previously ^ 
still keeping awayhny l^^rL '.;j-^ft^i^'i^^lia|^be^,'*ven ont 
and the combuatiWe 

to the various ^ ^ bunit. 
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Previoxis to tlus^ in order to ensure proper ignition of the 


aad' S-'i, the 
oid»i‘ 10 ft. 3 iu. 

Mgb, ft;w9J ;ia®j_tpiei»Uy clean small coal 

per hour aai s^ doing as much 

^erage of 3^ tons of 




#^al turn^ ' .liqurja ' 


is for poish producer of 


lMermt'ibs@b^1^j^e^^||H^.^ipixing^ air and subsequent 
combust^ of produced 

therefar/v^ bid decdt iai^ hh^ lKo head Of drvinir stoTea. 
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' ' ' ' . ' ’ i ■'^ ^ '*" '•■^ '‘rt" ■'*' ' '' t ' 

Fubitaobs jLte oised' UEiieti^lQr^Ml ' for ^ pio- 

dnciijg permanent ^ mAfocytile £»> 

tlicm by softenm" aaf ' f ikioi^ for. ^e 

des^n, materials ofvoonstro^cm, and of .Wr^lng of fomHcee 
are of a very varied deaorj|^j^\b^. tiey maf Jbb, Ipoadly divided 
iiit o tao distinct branches : 't^&irbtcb the abiid fo^ is intermixed 
with or directly surconnds tlio materials, to be hapfod,.tiie other 
that in which the heating is done by flame, wifhdd^ forect contact 
be tween tho metal or ore and the solid foel. 

This ekssitication also applies to the feel used, Which is 
easciitially different in each of these Wo branches^ , In the first 
branch, say, for a cnpola or coke famaoe, for meltii^^teel or hraas 
in crucibles, an intense local heat ..is required in the maea of the 
fuel itself, and the heat dovMoped on its surface is practically 
nsoless. For this class of nmrk the most suitable fuel is cbarccal, 
coke, or anthracite, consisting of nearly pure carbon with little 
volatile matter. 

In the other branch, flame farnaoes; sadr as acre .Used &r glass 
melting, puddling or heating iron, the inpfoWds h> W bested are 
placed in a chamber . «t tho mde <w. abd^ tW ^ heat of 
the flames being m»deiis«,0^ by b j^. working 

chamber by currents of. gas®, ri4ng?S^ ,^.;jiMi'tpgether with 
that due to their (^foistkm oU ;wi!h'«di^ti^ air. 

For furnaces of this descri^i^;^^? ^]^^^ 
partly burned gases at a.hig^i^t^p^p||i^^ gpn^ 

are to complete their f^tio 

heat the materids p1ani^.^i^^;|l^;-^;.:^hjt^;|kHg$^e degree^ 

The fuel pr8feiTed.'^\'l^',^||^_''i8,i,^i^-'er.-’o9^ or dried 
wood. Flamn may dso ho; .(^iTOw'iWan .fad confoining little 
■ 'v H 2 
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it. in a thick be<i, 
:'|E^'ise»abn8tioa a large 
ion of 



the fuel, flow 


«rB commonly 

tiseid: latter are embedd^^l 

in the iiadj, It '.high; temperature is 

the furnace 


^^sfii^ the:top ,i^ the <3umney cannot con- 
dor where A ^ner combustion is required 
i'lhqr dbtedff dr^ght, air is forced into^tLe 


maiatained|fmihd-. 

and connecting it 

Where, aa 
veniently be 
than can be , 
fun ace by 

BlaSili fm^n&ic^' axt^ uiipeiab',1^^^ are largely used in 

snieliiog.^ of iTohj; copper and lead, and in fusing cost iron. 
The fuCl aikd materiais to be acted upon are charged together into 
the npiier pf^ of a rmtical furnace, and the combustion is rii[>- 
ported l^idkfor^ in through openings called tuyeres near the 
bottom. SuifliL ^naces and cupolas for the production of cast iron 
are built ^ibat dze, and require much skill in designing and 
construction to obtain good results with an economical expenditure 
of fuel. 

In the flame fomac^ the useful reflect of the heat is obtaine 
by bringing a flame to bear u|^ the material to be heated, instead 
of embedding it in .solid fuel. ; . Such a furnace is the reverberatory, 
which, consists, of. a fire*gr^, «nd a flame chamber, which leads 
the products of ccunbiutaon awhy to the chimney, the flame in its 
imerhpraJt^, or bex^ . deflected upon material to be 
ated. In the same bt^^icf fntflajp^ though widdy diflereut 
^cmmtinction,'com.e6 .tl^ i^imens r^cneraiiTe gas furnace, now 
rgely used for a variety j^pdses where .a high temperature 
inired, i, 

i.'tffe, therefore, three disfln4 (flosses of ihrnaces—tlie 
t, the ireyerberatory, and the Wteibie. or pot furnace — in 
f Whdoh. "there are many T^figg^ flesi^ to suit tbo 
pt purpibim for which they In the cupola no 

it iron is melted.. 
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Copper, bronze, brass, GermaQ silver, silver, gold, and.Hie alloys 
of these metals, are either melted in craeiblee, or, if dealt vrith in 
larger quantities, in the reverberatory ftufnaee. The fanwces and 
tools are essentially the same for other metals as those described 
lor tbesKuelting of iron, nrith a few slight modiiieattcniB in detail 
111 the cases of the more fnsible metals, snob M leadi, tin. Sec., which 
may be melted in iron pots, kettlm or nlay ortwibleB. 

CoroE4s. 

The furnace, however, which especially claisp the attention oi 
iron-founders is the Cupola, on account of the ii|pHity with which 
pig-iiou can be reduced to the necessary molten state ; simplicity 
oi construction ; also, that by this means p^-iron can be tneltt.>d 
cheapA- than by any other form of furnace. 

Itefore descnbing the construction of the cnpolas now in use, a 
short account of the old-fashioned tectangalar cupola will be of 
service, as giving an opportunity of pointing out those defects in 
cou“t ruction which led to its being discarded, and which defects, 
of course, should be avoided in all modem foundries. 

The old cupola was an oblong square on plan, its longer sides 
Ivsng in tbe ratio of about 2 to of the shorter sides, and the 
height varying from 3 to i times the length of the longer aide. 
Its shape was not one at all likely to give strength, and appears to 
liave litH'n adopted for no other leaeoii than that the fire-bricks for 
the lining were then not generally proonrahle in any other than 
the common square form, Tbe external casing was fomed of 
ca^t-iron plates, with flanges at the angler ; the sides were parallel 
niid vertical, and the lining of firo-hrick was set in fire-clay. The 
eiipolu was built on (S platform of ccunmon brickwork, facing tho 
Mind floor, and tbe blast-pipes were broug^iQp at the back. There 
were live or^ tuyere-holes one above, other, 9 or 10 inches 
apart, on eaolWe of the cupola, and two tuyeres were employed , 
< ach consisted of an elbow pipe of copper, cwmeeted by a flexible 
leather hose to the cast-iron blast-pipe oomi^g from the fen. 
'fhe flexible hose were required, to idlow of &e tuyeres lieing 
gnulually shifted up during Ihe emeltmg operation, hut they giov 
rise to considyra^lfi trouble, as If any serious leakage of air through 
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force out a 
tiie tajere-boles 
lap-hole open, 
**'keast^^ of tho 

pig iron, 

a ^if^'l^n supplied 

from li^;ii^,''^au to run 

man ssv, melted iron nearly 

readied the 'ti^erchholes. then in use, he mised the 

tuyere stopping the lo'wer oiies. 

This pioceie .tt|^ld leither the cupola was as full as it 

could con'ddered a sufficient quantity 

of metd w^ t^dy to top lor the work In hand. 

-' The luiGsu^ which was about 12 inches wide, by 15 inches high. 


was simply^ st()||«d by. sand, whuh was occosumally forced out by 
the |«FeB«ire pf metal within. 

OjK^^' tp the hu^ time occupied in mdting all the iron 
contained in ifhi^. ^ipolas, the sand stopping of. the tap-holo 
.frequency ^'Wt^ into a hArt|« slaggy snl^ance, throngh which 
the ,tap]m}g..'b^ <feudd bo diiveo by great force, and this 
frequen^y-hron^iit laway the whole sand breast, followed by a rush 
of molten nwt^ ' 

Avuo&m, oiSm Mtai^iar form, is that known as Krignrs 

have a vortical 

seuti<m.&bm;.^Bt.;to from side to side; 


\t^:twO':hoi^bi^i.S(9ied^^ levels. 

'V\ ; TW rectangular i 
' plans. Fig. 87, an 




to ayoid^y prominojit 
^^ipsh would lie 


Ibf^] ;|!y’ ;B'B, ' -oyer the lower 

chaml^'jdp^liBd at aW) a .hacking of 

sand, ^ dibwh'nt the t^^eat in. Over 




outer archts G G, irnd. thelnn^/i^^^ carry the 

sliaft A; the length, of jthe iocb H,'fiRi^S|i(|i^i!i.^ conse- 
quently made great^ cupok 

is closed by an iron whole h^re^th 
of the hearth ; amd 'tfe .back, to 

facilitate the drawin^i-^',;^ at the 

back ; by this means 1»'ftw>rtmpi;c| ,. .,l 
rcgnkily witlm, 



101 


jY>iraDiNo ANo CAsnxa. 


For libe ompc^ id txlke is placed on 

sbavingig ot.«c«i)ci»^ng npoii more is added 

first wetted 

^^'■:|^'^,;'$).'<^nbitd, as nsnal, by 
101 ^. b^bt of the door 
stare id day and sand ; 
B in. ibimt of tlie breast 


first'fil&cig Ispnt i The 

on tiha 'ii^e 1 tbe 
placaig day a wfrtted ^ 
is xmxt .^bider0^ im ' i^ 
the dobr h then .id ' ” ' ^ " 



Fm. sr. 


of ihe.'fiEumaee, to aSow space enongh for the fnrnace man to get 
his arm in for lining the door, and the space at top is afterwai-ds 
closed with hrioks. This mode of closing is adopted for cnpulus 
Working with a pressnre of blast from 4 to 7 inches of water ; bnt 
where the blast is stronger a WuU of coke is first built np inside 
the meliang chamber 0, and wetted ; and the door being dmt and 
seenred with wed]^ the space between the door and the wall of 
coke is then filled with ordinary fonndiy sand, rammed in- 

The amount of filling that m pot . in for stai^g the cnpols 
vanes with the sito and. the.^nanti^ d i^ted:!%otd that the 
. hearth is intended to contain d Once ; bnt the mnonnt m always 
much lera than is. hsualiy mnployed ki other capolas. One of these 
cnpolas, capable of melting 8 tons Of iron per Wnt, requires a fill- 
ing of 2f cwt. of ooke for starting it; or owt. when it is intended 
to ke^ the whole d the metal in the htorih, . to .he . tapped all at 
once. . .tJ^n t^ JUmg a cluirge of bf i^ fo added from 
the top of the ciapok shaft, and then ei^ of Boko, and 
the same in' BQec<^sa<ai‘ hntil the v^oie ehsi^ put hi, filling up 
the i^aft A to tlie top. ae. thowh- in.^g., ^ ■ After, the casting, a 
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qnantily of ooke ooQsaped is cwt. or 108 lbs. per.bm of iron 
loclted, when (utly 3 tcH^ srS la obsrge; &ad the con' 

suiuptioh is 147 lbs.' per ^n toW we melted, 

and 140 lbs. per ton witk beamear ', 

The above desoriptimi oit th& ^enis^ to the 

Institation of Mechanio^ Enginee;^ ,11 iTSf also 

stated that the metal 'melted it''doe8 

not appear, ho^ewr,' tp^have: 
much into nse in Engls^, andr^eomt 
German ezampleis are. co&ddm’ai^. 
modilied, being circnlar seii^ioa and 
having a chamber, arranged where the 
breast is placed ip Fig. 36, this' 
cbainbor b^g at a lower level, and : ■ ; 

practically acting as a collecting ladle, 
the metal being run from it through 
a tap-hole in the ordinai-y way. 

The Mitelcenzie Cujpla, Fig. 88, 
is largely used in the United Btates. 

It is generally elliptical in plan, and 
the blast, instead of being supplied 
tlu-ougb tuyeres, is admitted through 
an opening which extends comjdetcly 
round the bottom part of the cnjwla, ^ 

The blast is led into a chamber sur- 
rounding the bo^es of the cu{)cla, and 

h orn thence iy^pes tfarongh the annular openi)^ into the O^ppita. 
The cupola with a drop bottom, which at^gem^.. is 

almost univeU^y adopted in the United States.' ' 

When 0rst started it. is necessary to mupl^ a Very light 
pressure of blast, but as (he melting labceeds ^ jnessure is 
brought up to '2^ lbs. per square Smsh. , The blast is generally 
applied about forty minutes after the &e is Ht, and iron begins to 
run aboi|t twenty mmutes afterwardB, 

Aniricttn cupoJw as. a. rule large in diameter, which is 
an essential feature wl^- most common in 

-America — ^is used. ' An Wttieu adopted is to have 

the sides p|ia}|e^, .wilb' >a^u^p^:;iEdtf^ied telt of the same 
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niatorial os the hiring arranged jnst ahore the tnyere*. tins k'U 
cifi'ctmg the same object, in our ojanion but iui)erltictly, us the 
boshes an such jforms as those of Ireland or Yoisin. 

In modern ^sacttoe the cupola is bnilt ot cylindrical form, the 
cainngiB being made up edther of cast iron w wrought iron, oi st( ol 
plates, iiie btter being rir^ed togeiher* as shown in Fig» b‘l 
and 45, 

When the mashnum USam^ter does not exceed 4 feet, the he i^hi 
may range from five IbS six.jiiipaes the duuueter. With onjiulus 
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, hairing a larger dismeter 'tWB' d feet, the height iiPP: not exceed 
ibur to five diameters Up to ‘the Jje&hg apertum ' i 

Tim objecticHi to a Very great h^ht of capdhi & the increaseil 
"rime and labour inWyed in tnuang/lhe for charging, 

arii^ urberfw^ the height m eonmdersbh) ellHrient aieich^ioal arrange- 
mmts ooBTse, reined for riris pcfip^.’ ■ 

' 'The'duri^t^- <£ a cii^la ri8\ai80;,im^^};^'ihaeii;^i^ 
ranging -IB mches i:iprto\4foe!lK'i!»;\^^ cupola 

18 ini^«s'',waddi---;with mekl if 

worked reqnins 



ibelamd’b cupola. 
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a cnpla at least 2 leet tq^etes ; find isith an- 

ihnuiile a cnpola, 

although ibir 

found to ana'Vitsr. : • ■; ■• , 

Fig. 39 u a seotW one' of 
Cupolas, in ■which iija._3i^^a^tal 


sciction showing it to 
of enlarged diameter so' 

liquid metal. ■. '•. V' ?'/'''' -^ ' 

There are eight tn:^tee, ih the’ ijffer^ ^ 
fit the nozzles, wid three, thytites 

0 indies diameter inade. The.tw0.iii||^aai^ f'^'-7 jar.Ap^’fc(ao 
centre to centre, in the cupola ehoiim^W'F^VS®, 

Ingh from the floor to &e top, and 4 ft. 1 in. dimnder oqteide %f 


iron casing. ...^. 

A pair of Ireland’s on^las, described by Mr. John F^ie 
in J8;j(5, are shown in Fig. _40. Each furnace is capable of melt- 
ing at the rate of 3 tons of irtm an hour. The height fiora 
the door to the top is 27 feet, and from the floor to the levdi of 
the diargiiig door K, 12 ft. 6 in. The shell is pmraM from tiie 
ground to the charging door, and thence it gr^ually tapers up 
to the top. The ontade diameter is 4 ft. 6 in. in the jg-Iindricd 
])urt, and 2 ft. 6 in. at the top. The inside diameter » 2.jft. 6 in. 
at tlie bottom of the (sru^e, on the. cupola hearth L, cohire^in^ 
to 2 ft. 3 in. at the sprii^f jig of the h shoe M 31, and ^ ^.9 in. 
I'rom the boshes to the chargiug door, whence it ta^s to. 1 & 
9 iu. at the top. The height of the crum^r&,4 ^ 3 im, ipd 
of the boshes 3 ft. 8 in., tod, the height f^ ;tho 

charging door 6 ft. 8 in. From the il^ ;b(|i^i^ to the top 

of the cupola the lining k toruiedcf a -.mgle.^^t flre- 

hriihs, which is quite Bn%iE^ ,to .'ptocticalt^itoe^^ fotod to 
ho very little wear above tim fopj^lfe hodito^ • centre of the 
blast-hole K is ^ 'feet froin the cf the bole 

is 0 inclire in ihameteri. to a slag- 

hole, 5 inches-, .to dtowetWii/tltojtop.h^^^ with the 

bottom of 
ill tlic uhual 




WuODVVARn’s SICAM-JET CUPOIA. t 

By careful cliargiug, tho average couBUJ4|>tioii of iuel obtauieJ 
waq ewt. of coke per ton of iron melted* In many respects, 
tins cupola is similar to the most modem fe^s of the oidiuary 
cupola ; tlie most important iiSmme arrangement of 

tu}t‘rc8 and blast-pipe. 

In 18G6 Iho Bolton Steel and tmn Company employajjto 
o( Ireland’s cupolas for melting the iron fqi:' <^^larg0*»vfl 
wliicli weighs 205 tons 'fhe external dianf^ter irf mtoh of these 
(•u|K»]as was 7 feet, the diameter at t35i0 bosibert ft, 0 in, and 
r> lo( t at the greatest diameter above and below* DClie blast was 
t^upplicd by blast cylinders at a pressure of 14 mebes of water, and 
wa> delivered into tbe cupola through two ranges of tuyeres: 
^ n tnycTes in tho upper range, 8 inches diameter ; four 
low 1 1 nmgis 8 inches diameter. 

Ki(\i cupola was enclose in a casing of boiler plate, with an 
o\f(*T:na1 Hir-l)elt and bla^t-piptis. 

To produce tbe anvil block, 220 tons of metal were melted, of 
T.’vbifdi S tons consisted of lumps of Be>.M*iEier steel, and the time 
(‘/•(upiod Iroin putting on the blast, for nioltmg the mfUl, ami 
idling m lhi‘ inoull w.is !0 J hours. Tbe consutuption or coke per 
ton of metal nit lied w.is t>uly 1 cwl. 1 qr, — a very remarkablo 
1 ‘^ult, duH no doubt, in a great niea'>urc, to tho height of the 
cupoli, whi(*h enabled Iht' ho.it and gases to be re-absorbed by 
tht» fuel and non as iliey passed iipwaids through tb<*uj out of tlie 
cujuola This jKiints to the great value of tall cupolas, with the 
iis(^ of ])owHtiul and heated blast, and the reduction oi diameter at 
tlu tuyere level. 

Woodward's Sfeam-Jci Cvpoh in workt^d by means of an in- 
tlueed curumt ciuisetl by a steam-jet blowing up the chimney of tlie 
cupola, instead of by bla'^t forced in below. It is asserted by tliois^ 
iutei(‘^t<Ml in this cupola that it effects a gvmt saving in fuel over 
th(* ordinary fau-hlast cupolas, and it seems tolerably certain that it 
i.s at least as oconomical as the best ordinary fumaceS where fans 
aie employed, with the additional merit Of great simplicity, 

Tlie steam icquired to create the draught is only equal in 
qucintity to what would be coneumiMi by an engine for driving a 
fan of sufficient power to work an ordinary cupola of tbe same si/o. 
Th(' consumption of coke in imelfang 1 ton of iron is put at H c^ 







tvoodwabd’s steam-jut cupola. 


Ill 



>S»eUf tu*’ A. 

Sia. it 


a simplo nozzle, siniilftr to tLoso used in loeOQFiotivn chinweys, ns 
there IP found to l» no necessity in priMstioe to legnhte the draught 
by any alteration in the nze of ttw jet. 

The air is drawn htto the hottom the eapola ibiongh 
ojienings placed radially at two difihieni levdlft. Jh the lower row 
there are jaur such openings, and in the ttpper lowtiiete are eight. 
Ejch of fipe air-iulets has a eomr wlnah oaa he dosed from the 
oul&ide. 

The chargcjfi are lUlad to the B at the toj>, and chaigi 


112 '' jfovxDma and oastino. 


can be is desired to 

nse to have a 

a lever, as 

_ furnace is 

• 'i^. all the air- 

-.Mlaig', t^a OttStted... .:'CWl^'iifee: ^famaefe ■ is. at work the 

mnst be 
'sei^ .to 'accumulate 

in .tixftit s^ will soon 

rise to the to ran fWly, when the 

air-intot may bftBBO|)enfii£r'.' • ; - 

la Fig, 42 &e etm m pranged to blow thnii||^ a aide duo 
into the l^fldi^ to the fUral^ a is repre- 

sent^ op^ 4^. d|.l! Is slnit. ^heresie eight ai^iniet holes in 
^ !id 5^ to 

by building a tall stack on the 
basis 44 a oi^la, and providing the latter with two rows of large 
tuyni^ ;' to heat and draught are maiutmned simply by the 
asoensive power of the hot air passing tip from the eupola and stack 
or tonmey.. : 'Bm cupola ban scarcely he found advantageous in 


intermittfmt working, as it has to be carefully and slowly heated 
up and charged whem first started, but for continuous working it 
might answer. 

!We to indited to Messiu Aitk<»>, Jessop and Co., of London, 
who to to introdde^. of it into this country, for the particulars 
of “Vton’s Cuik:^ Wi^’is fully illustrated in Fig. 43. It is eon- 
sirac^ of;b(4l«^'|^to^ double-rive^.^ this instance — 
and Ihibd' with fii^lniek .ip to to tope of the interior. The 
iritoto is '»|^g^:4odtop. tifter to A merican 'plan, sutoient space 
bmng allow^ l^heaih to aeebtotoodate a Ifrack or trolley for con- 
vexing avmy to hroto bottom and coutento remaining when the 
\4prilf^ '^^,drato !fhe bh«t k, supplied from a belt completely 
^sutonl^l ¥ to.boshb, and from this bolt two 

,itpw to toh) dehyer to hetosuiy supply of air. 

It ^ the 
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in tbn u»ij!;|i% 


^|liM!tokl4 wilts of fiteion will) 
fetflif fnyerofiolAMio 
CArlwaic i)\i(l(. 
KSd thiS mom so, 
pfeiiioiuji'' of 



.si,nd |ilun, 
an inch 
WilU firc- 






W ills ^|iee,>^jci^u'i£tkl, when ili 

^ Ai‘;®%^to-Avhk*ii pass' s 

. ... incliea orifice to 

Mir io\{|^afhiSv Soe yioU of botal froto so small a 
'ftm piaAi w mtiob W ions Imro bei^vran dovra in seven 
IwnilS t#t> jojiett t 4 itm% th» ItaAdH #;iHe fan, and nearly 
totia by thsutKi til tbs;«n@i»o ja tbs same tiime. 

Ktunewna 00^ ^hxus d oapoU ate ait work, fbe following 
di|bi«At l9«l>VeT(7. we -giring the Lest 

ite»^i.K>nRMabiUj 0 |^ ®f Wftbamiy .-tittpolas of tho 

iS^ijWiiiSi Badsr gbod working conditions have' 
wliich will be difficnlt to 


V' 


givsn i;i!i 
'mpevdi 

XHauititer ati bHIma is, •* •• 4 ■ o 

a* *« *» 4Llii •• 4 3 

# .1 4 6 

w •* <t)M t* .# 4 0 

.. u 0 

. 18 0 


IfcrtyoffHkciJrt a. 

: 

. m 


(daring ^ 



eball of sted plates of 

s-iroij 
that 
ndaiilt 
hiding down 
k". >When theso 





QBDfiui&ir «omutk 1J5 

a'l^le-iron lings ai« of Ibe build* 

mg must; bebloblc«(i ty -ttxp raund. 

I'li^ briskwurl: is tmdo «|i ipl^ i « l 4 l ^ ift<j|lBAi». tbo linnitg 
m xt tbo shell b&iog ibo it>Oc» 

liiimg kung fomed f>t eiii|>{4l i»H8dW ta 

t>-i\r> the desired hhajie iudi6idk«tlO'|l||ii(iilpNM 

The ei^tis ilnehness of la^tdosfl; lEU^IoRldA 

Iinmg hiiH the ofTeci of diwiiiliil^iog 

li wcctMirv, the cai^ity of,|b^ ottpoks ocrald be «qlw!|p$ by 
1 1 nK>\ mg tiie inner hohij!^ 0 nddr Ibo latteir ebadii^ku, Itotifevce. 
it Mould require the utmost tiM fltiltt interior, in 

<>i(l( r to Lee]) tbo m^ten Iron ^ tbo OOter mwpt bbe effeot of 
^ liicli ivonld be most esrions. ' The dr{^ strootoie or oliipuiey 
st K k, liemg entirtdy of toolt, is strengthened by joueans of mal* 

]i .ililo mm hoops pitehed at 3 foot apart 

''i\ tuvete-hnles, T H, are adopted, eadi 7 inches ly 3 incbes, 
giMug a total area of 126 sqnnro iuohcs. Those holes ate usually 
i iimtd ui the biuckvrorh, hut sometitneS oast iron reotangnlar boii:# 
‘^haiK d castings aie inserted or built mtothe luting. The supply 
)t i.t H maiutaiuid hj means of one Ko. G Hoots blower at a 
)ii *1110 corresponding to a iG-ioeh rsrticsal column of water 


wlitu lunning at 200 revelations per minute, any variations of 
mIiuIi piessuie can mmly be detected by mSanS of a pressure* 
L tiigo, P G, fitted in a oonvoniont position as shown. ^ The blowers 
<K I (I not lie fitted near te the onpidas, and m this example the 
i>i I t IS conducted a distaiuid of dO The main blast pipe, 

M 15 1’, w 11 inches diatoeten By inoiiBs of valves V V shown. 


tlic lAist can lie directed to either cnpola. To avoid the nteesaity 
111 .iltciiug tlio Rjiesd (d the btotvom teum^t|fi|S(i^ it will be 
lo’iiid more convrmcnt th heve an d<i|(ur» which 

m ilu-) IS fitted irntnediately !^**^*”” 

nut opeuited (m by meens of a biw^l^||^^^ilNiiy ^ amount 
it ()]Hmmg depending an, the IM The (jbeiiim 

01 .nr poosage shown te fitted with tot dbor, iippodle 

III h tuycie>bo]e, liy means of udm^, tendenctes to tfiose up aiw 
iMifily detected and removsd. ABP is a UituA aux^baay blast 
|ii]ie 1 inch m the boiSi which St timoa viU bs of conoiderable 
value in assisting tUt oombnstiOQ ejt 1^ first of bottom diargc of 

I 2 



jrotnsrmd 

* before tiiin- 
Ihe callers AM)!!!!! 
f lire auxili »n 

till p ( (M 



4))etd] liorn the 
oiilei 

, whejl it IS vntlnn 

■ (.M ■*«# 

molto ^ m » L 1)0« 

■ hnm^n tmmo ti.w Uuiio^, «> 

that ^1^ frost)flt the t\nm<T S R 

aiOAiA is 0^ 0 ^ tbX 0 ^ the Plai? „r i 

entaip^ 4jti tits jWtte em, the expotitHfe ftnw et thf st, im 
'blows ettl forms <w^i(jB thromsfhoBt the b»ws in wbub « n 
dilte the sh^ is easily l(*ok«ia up wLfH htnsled «p along wiili th. 
bar m^urred to, and to nbich it clingR, 

The etejiaf platMlUiere Shown w revered with a corr.i^al < I 
iron roof 0 B, without which lo *amj weather H is difficult to hi 1 1 . 
the men at their wwk. 'Ih^ roof is ajw «a sdmatHgo. by . pm,^ 
the ooke dry, f4 avoid the <io«t of rah^ the fuel, non, Ac i.j 
aaeans of # Kcdst to (he ,<d»rg{iig plattewn, JW uenal; it is stm.i 
titties to pjm eupolss near to a aaiunil bank imcb* 

a^hle rnmifh U fhe type of hoW adopted when i< (pint.l 
wiu depettd oa tjih hlt^ «f wwt oonveid^. re that we bav. 
the i%4ifOB sad thn osprvii^ by stsatt wiwhes, dm'pt t,f( iiri 
and hydraulic iam% daiwa hoists. <&o, The MnUbilitv 

of eithv will, oC OM l<#>|i«0»i the hhidtf power al pr. s. ..t 
«do^ thn»ag1i0tti%e(|^ Ihttet laore oonvem, miv 
ajfhel 

W A 

swatiag ijif thrishpdlf Baiag at tbp /oiif 
of lh»I^Mp^tally whea }»J^ «rf pag^iron and s,.,.., 

are neiHa ‘oMy. it b«t«B0? aenew^ to hsjse il^ iatwioi di < d 
and fetded dOer each^h WO^lf/ IHIb purpose it will dw, « 





be found 4;;^ 

1(11 ouceK, 
the otlior,iia" 
the 

ill lowed te 
isipiclly et 
the furoace 
To 
thrown 

coiidilions'oir'^&i) 


that* the metai 
Variations 
the j’eiraoiiw^li'^^' 
pig iron 
wljt'U 

of coke also 
best 



ill ash and wate^^!/^ 
The rate of 
rc<iuired, 
and therefore i' 
concerned. , : 
in (liffereuiV'i^j 
the condition^ 
pro|>erly pn^jj^ 
suitalde dte^i 
nil- at a mini#' 
iiiKler U 
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in any 
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pressure througli an oHfide^ its tlie nozzle 

is lowered, of air is 

maintained W. aica^te amtJ t'tlfa pfeaKhMes. the mctnl 

and dig to ji«^g‘ -nltunately choke 

the tuyeres and ghri|-;dwiidi^^ 

The shape affect tlio 

■working and retired to melt pig 

iron. With r^gaid-tq1l&:i^ does not seem to be any well 
defined rule. ' /^^]^orittoh^jri)S|i^a8to the^ight of a cupola, 
as measured ^^i^rihe tny^to^di^lb* the level of charging door, 
the depth of thh ol^^^ ^pi^^i^to 'also increased. The effect (d 
this is that a gteateir^^|o^ianl^ heat is utilised by the cool- 
ing-effect of iha^^%Br 'd(^&n£ oWge and a corresponding increaKst' 
in the temperatore it reaclies the zone of fusion. 

The height of modern' nni^olra, Irotn the hearth to the level of 
charging door, ■will be fonid to vary &om three to four times Die 
diameter at the charging doo^^ ' ' 

The charges duriag the efiSciehey tests referred to on pages 122 
and 124 condsted of equal proportions of Nos. 3 and 4 Grade pig- 
iron, ■wito 10 per cent scrap derived from the same qnali^jy of 
metal The coke used after fftlirg up the bottom to about ti iiiehes 
above the toyeres 'wafr.tdded alternately •with the metal, as repre- 
fented to Fi^. 45 i(^'47, The rate of melting neccasary was 
from 4 to 6 tons' per h^r, the blast being' on ulmost coutinuou.sly 
the pressure of which at the cupolas -when full bore was never 
higher than 16 inches of water. 

As the metal was reunited to 3 to 4 ton Ipte. it was dcsiralile 
that the hearth’, or that' ^totiqu pf the cnpcla teiow the slag -hole- 
SH, should he of coifteipcM^toq^yditooniBions, so as to avoid re - 
peated tappings for one .l|y,|^’oaaing the Inwr-r 

dimensions of a cupola %e also increased, 

and this may materially affedi.iips^l(#|toge ir^lto obtained. In 
to represent the coke cctoshinpiicfh as Ibwsl^ 'J^epdble, the coke 
jiised fogr bottoming is sometimes left put^ const|^ti'pn, and only 
that quantity charged alternately with tbe ir<to is atoipd. This latti-r 
estimate is, <tf. -course, not c»tit^dry^ to|t, to^^ pnrpases, 
although it4B;^8pmetimes ai^c^tod by Tei^rB<^;n(tW' processes or so- 
called improvi^ntB mth'^Tmw toi^ihaiwje to^tokapparent value. 
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Tlio jiigs of iron forming the tests referred to were 


lirst lirukeu in two pieces while 


iwtiadbs or iraclss 


conveying it, in order 
eiicli pig on to 

ho\v(3ver, to l>roak heavy 

lininriiors, 'l'\m iB"lip^''iihoribnj^,'!WOfk^;A^ ' 

some of the advantages claimed ]^ing | 

(jurstionable. Ffg. 46 illustrates' a 

v(‘rv simple machine for breaking pig- / 

iron, which will be/ found an advun- ^ 

lagf; in such cases where power is 

availiihle. The action of the machine 

I'i njip.irent from the illustration, ^Sk/i 

nccils no further explanation. , , ** ’ ^ 

111 some foundries, cywing to the ' 
class of work produced, it' is not only ' 

convenient, bnt necessary, that the 

tasting proce# commences at 'the . 

heginiiing and continues regularly .CT.^t 

(luring the whole day, so as not to . ' r S i r " 
Mock the other departments. In suehi 

cases, in order thit sufficient molten ■ 

luttal may l)e ready at tb^ to ; » 
avoid waiting, the cujx)la, as already 

described, is charged during the previous day and fired the s unoy 
cv(‘Tiing by means of a pi^bf oily waste, ignited, and then pu-^hed^ , 
tliroiigh the taj^ping hole, so as to ignite the sticks, &c., at the 


pi;; 


Pig, 40. 


huttom, as shown in Fig. 45, ’ 

'J'he subsequent combustion of coke, owmg limited supply 
of air, proceeds veiy slowly, taking aboutip dr seven hours before 
lii(‘ whole muss of Coke u^ to the tuyer^P^ becbine sufficiently 
led to enable the main bjast to be tnj|jsed on | about two hours of 
I lie main blast being now aecessa^ the reduction of the 
tline tons of molten meteV,cohtintdng ';^y. of the cupolas 

shown in Fig. .45) at'tlie rate of fitem 4 to 6 tens ^r hour during 
tlu! whole working day, or evon'H to ;1;6 hours wh^n necessary, 
wjlliout trouble unless when th^ cok^^s of fe^ ha|^, 

it should be? pointed put here that wlfi^ is charged 
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earlier tlma as <»■ <^*^ fihoii workiiiii <l.iy, 

fhArA' is A. taking place, owin^' 

the. furnaces sboul.l 


there, is.a 
to'^ 
i« it^»_ 

oftt;.p|j:l^c4;‘Dtht^ 

V'' 




pbuld be diem-liiil 
|, .become partmliy 
^eaee by formiui? 


‘i^Oiove which is no easy job, 


apait fr^'^^^lay BM’ei^'eit|N^8^ connected therewith. 

, Fig/ d'^lllj^ates the, progressive stages in the process of 
melting pig|a||Pi the time it is.cbargcd at the loji 

alofig .with until, It hfti beeome liquid enongli to trickle 
down through-thfe highly ii^nde^nt fm-l in the vicinity of tlm 
tuyeres towards the bottomif w.lil^ it'seonmnlatcs until its surfiico 
. rises to the level of theD^g-n^l^ l<vhnn the furnace should now lie 
tapped and the rneta,! rtmi into ladlbs, 84 as. to avoid loss hy the 
metal overflowing down the slag runner S Ih In ordin;iry juaci n e 
ail overflO|f,of metal is easily distinguished from the slag nsnuily 
- j^ireBent at ^s stage, and the difference observed s#vc3 to iudieih , 
if desired.'iTOisn tue full capacity of the furnace has been mclud. 

;• While the D.^olteh,'.lJ|i^l and slag trickks down throniili (he 
»;jpUS8 of fu^ j^.a* viw^ i.pf' it in passing down the aides iieur 
: y‘p -faMrere fe^^'|gJPiillt!^^^ 80 ’ that it adheres .to the walls uf 
tW cujiolaitfhb 
wbfk may be. i 


which towards the Ad of a days 
tq Atend almost right aero-es the cupola, 
acting as a hy which name it is known.. The thidnic'.s or 

depth of this lBCafioldin,g," as will be seen , in Fig.. 47, is limited by 
the highest Jevd i^'the molten metal, which corri^sponds to llie 
. faeight'of slag rtAhw S;]S^ Tim rate at whiA a scaffolding gathei s 
depends chiefly (Miil^||;e^ttality of, coke used. li' the coke is iuferioi-, 



by having a high 
reduced, with a 


tage of ash, the' rate of combustion 

„„,,^j.^,^ng rAncstioa in the vArking teiniieru- 

so that it'behoiilel necei^ry to clear Out the Ayerc o}>euin;:s 
iMiiAly goring, the day, by chipping and hlpekiug up ( acb 
^ere; ajtefnatej^ wiA Jumps of coal. ,. . " . / * ' 

Ti isashmishibg, however, in such oases’ll the molten nuial 
couthines to iaome down; Imt on giaminmg ..the nature of ibo 
lowing day, when.it'is being l^ken off, it will 
^ ist h‘«a hollowed. o^t ahd' maintained a iiiis,sigo 


Ijc found thi 
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through the scaffolding, the exit of which air is at or near the centre 
of the cupola. This points to the efficiency of cmixe blast, referred 
to later. ■> ’ ' 

IHg. 47 also shoM^ift^ 'parts cupola lining most sul)- 

jecied to wear due to ^mbined action of the heat and Ihtf 
rubbing of the desjcemfii^^ c^^ These eifects, it will he set ii. 
are increa^d towards the level of tuyeres, immediately above which 
the amount of wear is greatest. This region is also the liottcst 
part of the furnace, and is usually known as the zone of fusion. 
It is necessajy, alter removing the scaffolding, that the hollow 
portions, itc., referred to be made up after each day’s mollinj;, 
eitlier by means of fire-clay scones set in fire-clay or oilier rcfrac- 
lory composition (referred to later), in order to bring the inside of 
the lining as near as possible to its normal size and shape. 

Generally speaking, the interior of a cupoltf tends to l)econn5 
larger throughout, as indicated by the blackened portions shown 
up the'sides, in Fig. 47, which also indicates a considerable amonni 
of wear at the bottom, where the metal is collected, by reason «»1 
the high temperatures maiiiiained there. Opposite tlic charging" 
door, again, we find that a considerable amonni of wear tak(‘s phn-o, 
h it in this case it is due to the pigs, &c,, being thrown against 
the lining. 'Jo minimii^ the amount of wear at this jioint, sona^ 
louiiders build in three or four courses of holloiv cast-iron blocks 
of inch thickness of metal, but it is r|uestionable whether there 
is any marked economy by so doing. 

"I'he following particulars (Table XVI.) are the results from 
a sndes of sixteen measured trials when melting pig iron, scrap, iVc., 
in the ordinary or left band cupola, Fig. 95, with a view to reduce 
the rate of coke consumption, first-class quality of coke being u-td 
throughout the trials. The improvement in economy of fuel will 
Ixj quite apparent towards the end of the series* 

, Amongst the many modifications or special l^Iiances add('tl 
to the ordinary cupola, which have for their object the reduction 
of coke consumed per ^ ton of pig-iron melted, perhaps tlio one.* 
which makes the strongest appeal is that patented by Greiner and 
Erpfs, the special feature claimed for whiob^ that it prevents tlio 
escape of carlionic oxidie ,C;0 (the value of which is clearly s}i(»\vn 
under the head of FueJ,^^ in pages 73 and 7^ hy injecting air 
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TABI.K XVI,-C0MP08ITI0H OF THE DAILY CHAEGES. 


No. 

ot 

Tig Iron. 

Sernp 

Iron. 

Xiamo 

Skinunirgs. 



aV v ' 

• T<inlMeWL < 

' A' 

CliAr. 

Chtr or Coke 
UHol per Ton 
of Iron, 

1 

tons 

.31 

cwts. 

J8 
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2 

tons 

cwt s', 

'19. 
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2 

ewts. 
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2 

6 

AixvtA, m 

B 0 

«wtB. qrs. 

i l 3 
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15 

2 
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12 
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3 
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3 
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10 
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9 
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»■ 

n 

10 



9 

67 

3 


rO 

19 

2 

m 

0 


0 

52 

0 

0 

1.3 

to. 
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1 

■■ 
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4 

0 

5 

15 

2 

1 

3 

m 

8 

58 

0 

0 

10 

3 

:y. 


65 

13 

0 

6 

1 
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1 

8 

lOJ 
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52 

3 
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7 

1 

19 

68 

9 
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19 
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10 
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18 
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0 
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2 
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2 

3 
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4 
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1 

2 

9 
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^ 0 
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2 
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67 
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68 
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5 
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2 
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Total 





2 ' 

1 

91 

18 

0 

1 

3 

li 


* - cwt. qrs, ll«. 

31 iiinuum rate of coke burnt per ton of pig iron, scrap, &c. =s I 2 5^ 


tlinmgh a nnmb^ of small nozzles or tubes al)out I.ineh diameter 
iiisorted tliroiigb the side of the cupola, aud arranged so as to make 
a row in the form of a spiral, as shown on the right-hand cupola, 
45, whi<^^iillu8trutes the application to an ordinary cupola, as 
suggested by the owners of this patent, who have published the fol- 
lowing comparative analysis by Pattinson & Stead, Middlesbrough, 
111 support of their claims : — 


P^ucfif CombustiuTi. 

O’ltlnary 

Oupol.o. 

Per cent. 

Oreiner andv 
Kipt'a Cupola. 
i*er cent. 

NitrojCfon, &c. .. 

.. 75*50 

79*92 

Carbonic oxide CO 

.. .11*50 

1*25 

Carbaoio acid CO3 .. .. 

.. 12*50 

38*75 

ll.vd^||ten^. 

•• ' 

COS 


100*00 :1 

100*00 


Both samples of gas were taken neap the inside linings of the 
cupolas, so as to ohlain the waste gaseS which had been acted upon 
by tJio upper tuyeres of the Greiner andr Erpfs system. 

'.riic following particulars (Table XVII.) are the practical results 
obtained from all ordinary cupola fitted with the Greiner and Erj^fs 
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qrs U)H 

Miuimum rate o€ coke eoi]i8i,impti|»n ton of pig-iron, E$erap, <S:c. = 1 2 1 

' <jwt per 

That there. <h&8 efficiency I>y 

the a4<iii30Qal tnyei^^l^a^'m Jne-te the'rie^fotmation of carlomc 
oxide, which will fakd pl^ whenever carbonic acid COj (resulting 
from, the additional injei^d by.the apxih|ry ^v erc8 rcfcrivd 
poma in (ioiii^^in 'with r^-hi^ fnel i itQ.i|ti^ which is not. 
ai^a^e when the various tuyeres are. comparatively 

smail. am anang^ to form a spiral as 8ho.vih on the righi-liiina 
cupola, Fig.. 4?)," the ob|Bct which is that tiTe heat developed t>y 
combu^n of the cafbonth/oxid# at each i« 3 ^re (forming carbonic 
acid COaXmay be spread a iraffieient btjdy of the charge as it 
{)asses’ upward^ and thtmJktep ^wn tlie ezoe^.of xtemperatnre at 







STEWAliT'S RAMJU CUROEA. 


wliich carbonic tbo earlicJ^ 

sta-.M, i.e., CO,'+ 0 ,_ 

No doubt there ' •dmditiona are 

such as will enable '^;^;deriired bj 
the aclilitional tnyer^^;%!i ^ i ^ | ^^ ^ ^ ^^^li^im*ainn system, 

wlii(;h in theory said, 

lidwever, shows thi^.'j^' ii^isomewhat 
doubtful in some instane^ . . , 

Generally spetikihg, a ■ig6w:l|^^^|w^'Sil««^; !Wtiomy 
!i]>]>arentiy derived fr^m s$H^ a^pKanCM ik<a iWlt of ‘the greater 
( Mio in charging npW advis^'^tl' carried on, as compared vrith 
the rougli-and-ready’jmethods previously adopted, to imptovei^nn 
wliich may never have TathettoTjeftn aerioudy considered. 

‘V * 

. „• .7-. . < . 

Stewabts Bapiu Ccpola. 

Fig. d8 is an illustration of a duplicate set of No. lO^Stewart’s 
Ibipid Cupola, which, along with full particulars of efiBciency 
ti'sts, were published in * Engineering ’ of December 1890. Theso 
particulars may tlierefore be hiken as fairly representative of the 
<conouiic possibilities of otlieis of this type more recently con- 
structed. As the name of this cupola suggests, it will be found 
to melt pig-iron, scrap, &c., more rapidly than an ordinary cupola 
of the same dimensions. In general details of eonsti notion this 
cupola embodies a variety of modifications as compared .with 
llie ordinary cupola, the merits of which will he more or less 
apparent. In order that the products of 'comhusti^ ^sparks and 
other incombustible grit — may the. bwftor -under coni^^j^h© usual 
opening at the top of chimney' if. fn thk'. cupola olo9||Bie neces- 
sary outlet being formed -at one Bj<ie,J^d fitted witK'^a': suitable 
damper or door, so that either cnpola.t^ -Jje ^iuit^ while tho 
other or duplicate cnpola-ig at work.- A^if- pa^^g. along the 
outlet branch referred to, the gases, . s^|k8^ ,;griV‘ <$:«., aro con- 
ducted downward, the latter heiftg,,fiBi^3f arkiwte^4' which otlierwiso 
(as with the ordinary onpola) weBtd ®6 ■di^bs^ted Cu the adjoining 
roofs, ultimately stopping the rain gatters, Snd generally giving 
trouhla It has 1)0en fooud fA ad!v^)B||ge m some cases, however, 
to remove this'arrangemehtand retp^ to th^pen-top cupolS. 
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Thid cupoli ]»;■ two cliarging floors, 

especially in vtK0;4argei:^.«^ which charging may 

go on simulla4eotLsly froai. ^ are proviJ(*d 

-with balahco^' cast-iron They 

are sometimes respect also lliin 

cu]^la becomes with open chargiiiLr 
doorway, ^Jie diff^^ therefore^ in this 
cupola, and |k(^ are, the method of siipporthig 

the 8^pelwt^dctur8,^i^lth:^^ « separate chamber or receive-, 

in which the molt^' iD6tai"!ii c^Uected^ and also the ari angemout 
of tuyeres. As regards, the former^ it will be seen that the ordiiuir v 
soli^ brickwork foundations are replaced by four comparativi ly 
slender-looking columns^ ea^jhlO in^es diameter and 5 feet long, in 
order to facilitate the emptyip^ or Cleaning operation at the cn 1 
of each day’s meltihg. Por this purpose the bottom is fitted with 
a wrought-iron hinged door madfe in halres, wliich are secundy held 
in poaitif]^ by means of a suitable malleable iron bar passing across 
the under side and made to slide into malleable iron staples fitted on 
to the base-plate. In making the necessary refractory bottom irisid.*, 
care must be taken not to have it rammed too hard and stronj^, 
otherwise the door may not fall when required. In such cases tlio 
only way is to use levers and pinches in order to force the bottom 
open. With this arrangement, before the bottom is opemed a suit- 
able bogie is run between the columns to receive what is lolt in 
the furnace. ®tds system, which is that generally adopted in 
America, must be much easier on the men, as compared with tho 
usual method of drawing^^by meiinsof long and heavy rakers required 
in the ordinary solid-built foundations. 

WitM^. separate receiver shown, the metal and 

slag hainrfg become sufficiently liquid, continues to run down 
through the red-hot chat until it reaches the runner which (‘on- 
ducts, them bo8i'"^to the receiver, where they are collected or 
gathered nhtU or. slag reaches the level of slag- 

hole. If .ibe reoei^^ is not then tapped, the molten metal ce*-- 
tinuing to come dkiWn ilrtll cause the slag to run over, after -»Vhich 
the metal will begin to overflow, just as with the ordinaj^J^ cupola, 
except that the molten m^l in the receiver arraneevjieut is freo 
from^ntact with tije fuel, in which condition remains sudi- 
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ci(*iitly long to allow any suspended matter to rise and collect at 
t he top. By this ineiins we should expect cleaner metal than when 
(liroct. from the ordinary cn^^la. The fact is that the slag is con- 
tnnially draining off-and hot allow^, to, gather ahont the fuel in 
the vicinity of the tnyerel^' ^ere,it^ be chilled and form a 
coating round the pieces of coko whiistphidda the latt^ from the 
fnrilier action of the blast/ causing the w^r^ciug^mperature to be 
lowc'rcd, and therefore an increased tendency towards the formation 
o\ a scaffold as compared with the rapid cupolas, .which should 
work cleaner and give less trouble in this respect. ^ 

In Fig. 48 it will be observed that the hearth or lower portion 
ol the rapid cupola is considerably contracted. By this means the 
bla^l. will penetrate more nearly to the centre, so as to approach 
tiic principle of centre blast. 

'riK‘ depth of the zone of fusion in this cupola is also greatly 
incivased by the adoption of three rows of tuyeres of the following 
dijiK iihioiis and arraiigomeut : — 


Aroa. Ilatio 

or bottom row confciins three tuyeres, eauh G inches diam. = 84*81 = 1*00 
Src(>!nl or nii-ldlc row „ three „ 5 „ = r»8*SS) = -GO 

'J liir l Ol t(>i> row „ six „ 3 „ = *40 


Giving a total area •• •• •• «• =180*08 


The air passing through these tuyeres and forming the neces- 
sary blast is supplied by means of a No. () Tliwaites Blower, under 
a pressure of from 26 to 28 inches, which requires a speed pf from 
180 to 100 revolutions per minute, as shown in Table XVIII. 
t)U the following page. 

As bearing on the compamtive efficiencies of the %stem of 
liiycres in the foregoing, it sliould be observed that the ordinary 
cnj>oIf), Fig. 45, had six rectangular tuyere-holes, each 7 by 
4 niches, giving a total area = 168 square inches, by means of 
wliich molten metal was brought down at the rate of from 4 to 5 tons 
j)er Iiour with a blast pressure not exceeding 18 inches of water. 

Idle effect of the increased depth of the zone of fusion resulting 
from the use of tlie three rows of tuyeres may be increased wear 
and tear of the lining, and consequent increased cost of up-keep. 

Generally, owiyg to the "possibility of a stoppage or block up 
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£)je retv&iy^i;. 


^is 



i|ag Jilba of the cupola with 

after, aDcl hrpt 
through a 
sliouKl taho 
|k)gh inside tho niaiii 
I o1)oke up the tuyen ^ ; 


damage done before tin* 


body ^:/ad6| 
and, 

choking aj) 

tifiper portion of the rocoivrr 
should also be can fnlly 
attended m order the hot gases blown down into 

the receiW will cause a current of liot gases 
over the BUtfece w collected therein, by uu nns 

of whic& it IB a aujl^ently liquid condition. Slunild 

this uptake passage ^bed^ the efficiency of the receiver 

to inwhtaiS 'hot itoOtal wbuld be very much reduced, and bo litlli* 
better than when the meM is collected in an ordinary ladle. 

FvS 'ConMmption^ as a^mpared with the various points ol 
merit referred to, will after all be perhaps the most interest ing 
item of consideration to founders in selecting any particular form 
of -Cupola* As to the merit of tho Stewart Rapid Cupola in tliis 
r^pect. We give the following al^ract from the official reports of 
tests ntadc and published^Mojig'with the illustrated particulars in 
Fig.48:i^ 




Tabus XVIIL 


No 
, Af 
T«st, 

Wfstjfht 


' ‘Coke"’ 

^ A^eriige 

l«r ton. 

Colco pec ton, 1 
Fttiupn only. > 

Time 

of 

MeLtUig. 

li! 

M^^an 
Pres- 
aure 
of ' 
Blast. 

Cubic 
Feet of 
Air iier 
Cwt. of 
Coke. 

1 

No «; 

IliO'A Cl 
SjU'l i| 
psr 
Ullll. 



cwttu Qr«i. lbs. 


owts. qrsi 

bonra. 

1 1 

min*- i 

! Ini*. 



1 

20*7 

va,'; 

k ia 1 

^ 2* » 1 

3*5 

10 j 

26 *2*5 22, 072 

' JiM) 


18*9 

i'- o', lie':: 

8' 27'i 

i’-' i -11 

3^25 


28 » 80 23, 201 

ISO 

i/' 

19* 4 

' 0, '“o-: 

3 '*2d 

1 I 8 

8*41 

20 

27-1 224, Wif» 

' ISO 


iSo^aaj 

‘i;’. ^,,1*-' 

. . r**^' * 

3’'; 2i ! 

X > ii 

8^16 

10 

28*00|23,i)00 

J80 


redtii^ ^oald.llj0 <$c^^er^. very satinfactory 

in general practicfi, yet do act stow an^lBl^irked anporiorily 
over tho other or or^litjy tyiies'jc^ c»j^l%:..iArea(]y refo nd 
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to as regards fuel economy. By reducing the best of the various 
rcsiilrs obtained from these 'different types of cupolas to a common 
basis, we obtain the following.:-:? 

Ordfn«y " ; * OrHjierand Stewart's 

CuyolA. ' Erp& Cupola. llaptcl Cup ila. 

^ cwts. qra. , 1^ lbs. cwta.qra.lb-!. 

Ficst coke average consttmed p^r v- . 'V . / ^ 

ton of iron niolterl overhead ^ 1 2 ^5|:. vS 1 ^ 1 3 14 

(.’oke lo form bod .. .. *, 0 1 V'O 1 5^ -0 2 21 

■■■ , — ■ t-> , , ' — - - 

For fuflion only requires .» •. I 1 O' 1 0 23J .1- 0 21 


7 lie best coke average, however, represents the true commercial 
value of any system. 


Hebbbrtz an 3> WniTiEG Cupolas. 

Fig. 49 illustrates the Herbertz Patent Steam Jet Cupola, made 
at ( Cologne, in Germany, and therefore more extensively adopted 
nil the Continent; quite a number, however, are in use throughout 
this country. By reference to the section shown, it will be seen 
til at the air for combustion is induced by means of a jet of steam 
at S in the downcomer, somewhat similar to that in the “ Wood- 
ward Steam-Jet Cupolas,” illustrated in pages 110 and 111, so 
that no external machinery or blower is necessary. An important^ 
leaturo in such an arrangement is the absence of Sparks and ashes, 
these being conducted along with the products of combustion, and 
deposited in some suitably arranged receptacle ; so that cupolas of 
this type may be in use in places where the ordinary cupola would 
not be tolerated or even safe. Another important feature in the 
Herbertz cupola is the continuous annular space formed for the air 
inlet, by which combustion ai^d fusion of the metaL proceed more 
uniformly, both of which are favourable conditions for an economical 
jiiul a clean working turnace. This annular space, which sefteratos 
ontiroly the lower or hearth „portion from that of tlie upper shaft 
coiiiiiining the alternate charges o£ iron and fuel, is also capable of 
;i(ljnstmeiit by means of four vertical 's^ews, by which the hearth 
is also supported on a Arriaga mounted with wheels to run on 
rails, as shown. • By this latter provirion the hearth portion of tho 
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cupola can Iw xnn oat from below^ to imitate the cleaning; and 
repairing prooemes The of charging in th^, aa 

in Wood^idVenpola (pAge *°P> similar to 

that in hh^ .frraaee ptaidi^ of the lind 

into gas pnxlaeers^ as 89 and !) !• 

.Vi '.r ,1. ' ’ 



The other details, /heing anfficienilytillnstrated, need no fnrllier 
reference here. . , ' . 

Fig. 50 illustrates stiil another i(>im.^^po1a, known as tlio 
“Whiting Cupola/’ madaln 'Am«ndi!!a,|^ Foimruy 

Equipment Company, nenr Qjb^go. TlU'dpe^ feature in liii.-i 


WJUTING CfPOLA. 


cupola is the patented artan^emeni and construction of the system 



Elcvation./. ■-' SecTipM./.,.;;';- 

ailmittcd through a small area which -is aispand^ Into' a large 
liorizontal opening on the insida oLthie cupola, so that the air 
reaches the fuel spread over nearly double that through 

which it prevkragly entered the tuyepces ; thu% while the Tolnme of 

K 2 
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air introduced is' th^ same, it is made to act over a great area of 
fuel, by reason of which, also, the force of the air blast as it In('(^ts 
the fuel is oorrespoudingly reduced and is therefore much soi l or. 
In this inl^ner, it/ will be observed that the various expanded 
tuyeres foim \an almost continuous cirNIa]^,%iyere similar to that 
of the Herberts cupola. Another feature in the Whiting cupola is 
that the tuyeres rejferred to, and forming the first or lower row, are 
arranged so that they^are capible of being adjusted vertically, 
which feature the m^ra^J^i^ider desirable, so that the tuyeres 
may be adjusted to suil of work, kind of fuel, or changes 

in the inside diameter of * tlie^eupola. The upper row of tuyeri's 
shown are capable of being closed by means of independent dampers, 
and may be utilised when a greater supply of air is required in a 
given time, say for quick melting or large beats. 

The airdnlet branch A P is fitted to the side of air belt, so that 
the air blast enters the annular chamber in a tangential direction, 
causing it to rotate around the shell with a spiral-like motion, l)y 
reason of which friction is reduced and corresponding economy of 
power is obtained. 

As regards the rate of fuel consumption obtained, the makers 
state that in a Whiting cupola of average size, with good heats, the 
proportion of iron to coke, bed included, is 10 to 1, i.e. 2 cwi. of 
coke per ton of iron melted. Special records, however, have been 
obtained, showing ratios up to 13 and 14 to 1 when on very 
moderate hearts, melting iron for architectural and general foundry 
work, i.e. equivalent to 1 ewt. 2 qrs. 4^ lbs., and 1 cwt. 1 qr. 20 lbs. 
of coke per ton of iron meltedjjjp, Such results, when compared witli 
those obtained from theoretical considerations, as stated in pag(‘s 1 (j2 
and 163 it will be seen, approach the theoretical limits there laid 
down, and must therefore be considered highly satisfactory. 


Centub Blast., 

Among the latest developments in cupola practice is the intro- 
duction of the air blast at the centre by means of a centrally fixod 
pipe of sufficient length that the orifice will always be above the 
highest level of molten metal in the cupola. The earliest sugges- 
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west's OENTBE blast CDX’OLA. 
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lion of practical importance seems to be tjliat of T. D. West, of 
America, in 1889, which, later on in 1892, he practically adopted 
in tlie manner illustrated in Fig; $1. ! ' , 

U is a passage formed i& oue-h^f of the ^p4o(^ for con- 


Section of Oaimla. 




,Fio. 51.. . V 

(IncHttg the air to the raiitre tuyere. The .9^(^61181 nJrea'neoessary 
is one- thirtieth of the sectional area of cnpcla. ' . ' 

V, the width of the -circular orifice, should: range from to 
:: inches, larger spheing being adopM for long hkts. 
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W and L ai*i^i;'branobeB from the main blast pipe, fitted eaeli 
with a ydlv^> 8h of outer and centre blast 


. . ; 51,is an ehlaicged section of the cap castini):, 

l# ^ch thic):, in order that tbe 
refractory <k)ating shall ^here £tmly and resist the downward 
action of the' Cujiola ^^barge,; dr load. This casting should have 
large prickeiS, ks shown aV^ P, E, about 2 inches long ; the lower 
edge at A and B, should also be closely pricked with a double row 
of ^-inch rods or nails. The recess J should be 3 inches deej), lo 
suit cap^holders T, Y, Y* . 

To the right, in Fig. 51, w a cross-section of the centre tuyere 
tube, which k also made of cast iron, ribbed vertically, as shown. 
Malleable iron rings are also shrunk on as shown, in order to 
further secure the refractory coating. The coating should be well 
dried before being subjected to the working temperatures. || 

In Fig, 51 is also shown a plan of the drop door, from which 
it will be seen that it is in two halves, each being hinged at 
opposite sides. In. one half is formed the centre tuyere and cun- 
uectiug air passage. 

Centre blast may be used aloue, but it is recommended in 
conjunction with the side or ordinary tuyeres, the latter being, of 
course, reduced in area proportionately. The centre tuyere in 
such cases should be rather higher than the side tuyeres. V>y 
such modifications in the method of supplying the air for com- 
bustion, fuel is said to be economised, less wear and tear in the 
lining, less absorption of sulphur, also hotter and cleaner iion, &c. 
The following statements by Mr; West regarding the rate of coke 
consumption are, however, and will serve for the 

purpose of comparing coke effici^l^with that of other types of 
cupolas. 

^ With he$itB tahning from 40 to 70 jkohs in a cupola with centre 
and ordinary combined — / 

- yV ‘ ' ^ .. , , 

Ftto), lacludiiiff t)ea * t 1 

^ -- iKmmeltJa- “ fl**iS'* „ 

'With a cupola^ hht without oebi^ blast, and otherwise 
under exactly tbe same ccmditicms fqd, fli^ |ik£t, &c. — 
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« ^ ttiojudinrbcxl 1 

Be«t Jesuits. Batio j -^iSSTmeU^T" = » ' 

cwUie qr«. 11% 

' cJStid = I ’ ^ 


Taking these resalts as they stand aa lepresentiog the merits 
of (centre blast, there ^oes not seem much to claim on the point of 
(economy, as compared with the results obtained with the ordinary 
cupola, Greiner and Erpfs, or Stewart’s Eapid Cupola, already re- 
ferred to. Further details as to results of practical tests with the 
eenirc blast are necessary before a satisfactory idea of its merits 
can be formed. 

Another process in cupola practice is that suggested by Doherty, 
ill which the essential feature consists of introducing dry steam at a 
pressure of about 80 pounds per square inch along with the air blast 
at each tuyere, the action of the latter having the desired effect of 
liiiely dividing the steam as it enters the cupola. By these means 
it is claimed that the temperature of the furnace is materially in- 
creased ; also that the free hydrogen resulting from the decomposi- 
tion of steam (H2O) tends to the purification of the metal. That 
these advantages will be attained is not quite evident, when it is 
considered that, in the first place, the direct effect of injecting steam 
on red-hot fuel is to lower the temperature, owing to the abstrac- 
tion of heat from the red-hot Aiel — as already described in relation to 
gas producers — which is the only source Of heat necessary for disso 
ciatioii or decomposition of the two elements of the steam (HsO). 
Again, even after decomposition the jfoe hydrogen present is not 
likely to combine with any of the various elements present in pig 
iron lo any material extent, because hydrogen has less affinity than 
the adjacent iron for most of the elemeints, present in pig iron ; and 
as for any increased effieieUiQy in the coke ^nsumption, it should be 
remembered that the quantity of |^t developed by recombination 
of the dissociated bydtogeh {even if its oombusition took place 
within or throughout the charge) is just equal to^ the quantity of 
heat absorbed ^in the fiht to its separation from the 
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oxygen when in ttie form of ' st^am (H 2 O); so .that the ht'.it 
apparently gained simply balances the amount of heat previously 
spent, and therefore there is no actual gain in the total he;it 

delllope4. V 

CnnoiiAS Genexially. 

' ' The propcp shape of the interior of a cupola is a subject ou 
which tlmre is considerable diversity of opinion, as indicated by 
the various forms illustrated. In the later examples of ordinary 
cupolas already referred to, the sides are very slightly curved in 
some, and in others they are almost straight and slightly inclined, 
so as to increase the diameter at the charging door. It has also 
been suggested that the correct form of a cupola, from the tuyeres 
upwards, should approach that which the interior assumes after 
doing work. This certainly points to increasing the diaiiudt'r 
immediately' above the tuyeres at the zone of fusion ; it also 
suggests that the blast should he directed as near to the centre 
as possible corresponding to centre blast, or something approach- 
ing centre blast, such as by contracting the area at the tuyeres, as 
shown in Figs. 41, 42, and 43. In carrying out the latter ide a 
care must be taken not to reduce the crucible portion of the 
furnace below that which is capable of collecting the required 
amount of medten metal; and for that reason, in some of the 
instances referred to, that portion of the cupola below tlic tuyeres 
is again expanded. The tuyere-holes should beiilightly iiicliued 
downwards towards the centre of the cupola, in order that molten 
metal may not lodge or accumulate so readily in these passages. 

Any system which leads to the re-formation of carbonic oxide 
into carbonic acid (00^) permanently, so that it escapes as sucli at 
the top of the charge, must considerably increase the fuel efficiency 
and economy. Further economy would also be obtained by the 
proper utilisation of the sensible heat of the gases at presLut 
passing off at the chimney top. 

For small cupolas a lining of well-rammed gannister may ho 
used, or washed scrapings from off flint roads, if in a clay district. 

The material was at one time commonlj applied by ramming ifc 
down between the inside of the cupola and the outside of a woo(h‘n 
core or block of the same shape as the e^u^la, but so jQ^iuch smaller as 
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to leave the desired space for the lining. Tlie wooden hlpck must 
be so made as to bo easily taken to pieces to be removed, on the 
principle of a bootmaker’s last. This plan is still occasionally 
practised, especially in France. Great care is required'^ drying 
this lining, as it is difficult to prevent tinequal drying, when parts 
of the lining will probably become detached the first time it is put 
in blast. 

It is therefore decidedly preferable to use special fire-bricks, or 
“ lumps ” for the lining, especially for large cupolas, although as a 
rofraciory material ganiiister is scarcely to be surpassed, consisting 
of nearly pure silica, with a little oxide of iron and alumina. 

In the choice cf fire-bricks care must be taken not to rely too 
implicitly upon a mere analysis of their constituents, as a good 
(leal tlopcaids upon aggregation of the particles ; for two clays 
may resiimblo one another very closely on a comparison of their 
analyses, and yet one may be very fusible whilst the other is 
extremely refractory. 

Tlio fire-brick lining, except for portables, should never be less 
thrill 9 inches thick, the bricks all being laid as ‘^headers,” with 
fire-clay joints not exceeding about 6hp quarter of an inch in 
thickness. 

The fire-clay used for this purpose, and also for backing up 
the brickwork to the casing of the cupola, should be the same clay 
as that from which the fire-bricks have themselves been made, so 
lhat when at high temperature there shall he no tendency to any 
chemical n^aclion, such as might be caused by only a slight 
variation in the constituents of the clay. 

For the same reason it is necessary that the fire-clay be kept 
in a covered store, protected^ from dirt, rusty borings, or other 
rubbish likely to injure its purity. 

The damp, loamy sand used for the bottoms of cupolas should 
not contain much alumina, and shoulil bo rammed well down, 
(specially where it touches the walls. It should be about 6 inches 
iliick at the 6uter edge, slightly hollowed towards the centre, and 
witli a good fell towards the tap-bolW 

When the cupola has a movableKrircm bottom, care must be 
taken not to put so little sand on it as to risk burning the traj; 
away, whilst, ouithe other hand, if the bottom is too thick, it will 
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be more. difBca|t to break down when it is wished to empty tba 
cupola, espeoiali^ if the sand contains a large , percentage of day 
tending t$ make it hake hard and solid. 

' , Tuyerhis, 

The ttiyeres for large ctip<aas may he protected from the hoiit 
to which they are exposed in the same manner as blast-t'iiriia(;o 
tuyeres, but the destructive action to which they are exposed is 
less than that which blast-furnace tuyeres have to bear, wlnro 
they carry in highly heated blast into the furnace. 

The usual method of protecting a tuyere is by keeping up a 
circulation of cold water round it, which is effected in a variety of 
ways, great care being neces^ry to prevent any leakage into tluj 
furnace, a source of much dagger to the men. 

Until recently all the tuyeres in use since the introduction of 
hot blast first necessitated a water tuyere may be classed under two 
heads, mimely, the coiled tuyere and the water-jacketed tuyere. 

The coiled tuyere is generally made of a coil of wroiight-iron 
tube imbedded in the sides of a hollow case of cast iron. Some- 
times the coils are woun^ close at the nose of the tuyere, in oidi r 
more effectually to prevent the cast iron from burning; and semi.*- 
times the tuyere itself is formed entirely of a coil of tube, closely 
wound from end to end. 

The water-jacketed tuyere is generally ’made of wronglif iron, 
and consists of two conical tubes of different diameter, coinieoted 
at each end by rings of wrought iron welded in, so forming a space 
between the two concentric walls of the tuyere, which is filled witli 
water supplied under pressure, and . generally brought in tlirougJi 
a feed-pipe at or near the bottor|!^^f the tuyere, and allowed to 
escape through a second pipe in the upper side. 

Phosphor-bronze tuyeres are generally fixed in a cast-iron 
casing or box, beyond which they projectinto thQ^rnace for the? 
^;reater part of thtdr length, and they are sb arifegod thiat tbf\v 
can be turned round in /ihe cast-iron plate or box in order to 
expose a different side of tl^ tuyere to the action of the materiMls 
*iu the furnace, (Greater durability is claimed for phosphor-bronzc> 
than for gun-motal or copper, but each metal possesses the same 
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advantage of preventing adherence of slug, scoriae, or iron to the 
nozzle of the tuyere, whiph is the only object, to be gained by the 
use of copper or its alloys in preference to iron. Additional pre- 
cautions as to water BUj^dy have to he taken ^kere i>uch metal is 
used ; as, owing to the low temperature at which it molts; .a copper 
tnyero maybe more rapidly destroyed than an iron tuyere where 
any overheating is possible ; but under favourable conditions both 
giiii-metal, copper, and phosphor-bronze tuyere have been found 
V(‘ry durable, and the advantage gained by keeping the blast 
nozzle always clean and fully open is an important one. 

Tlie open spray tuyere invented by F. H. Lloyd, Fig. 02, 
consists of two concentric conical tubes, closed at the nozzle but 
opf'ii at the rear end. The water 
siii>ply is connected in the usual 
uamner with a flexible hose, and 
various systems of spray pipeg. 
arc used to suit various shapes w'- 
tuvi'rcs and various conditions of 
wat(‘i‘ supply. The sprav pipes 
arc made either of wrought iron, 
brass, or copper, and a suiEcient 
amount of water is allowed 
to escape through small holes or slits in the spray pipes to 
protect every part of the tuyere casing which is exposed to the 
heat of the furnace. The spray or jet of water from each hole in 
t)i(5 spray pipe spreads over a considerable surface, and a small 
jiuiuber of holes is, if they are properly placed, sufficient to keep 
the whole inteiior surface of the tuyere casing constantly wet. 
St'arcely any steam is visible, and the waste water passes away, 
alter cooling the tuyere, at a temperature little exceeding that at 
which it entered, unless a large portion of the tuyere is exposed to 
violent heatj^.which^^case the temperature of the wabte water is 
certainly nol'lp^ter than it would be from a tuyere of the old 
system jdaced tinder the some conditions* The spray is principally 
directed to the loose end of the tuyere and b^ts back to some 
( xteiit on the top and sides, which are also protected by a sufficient 
number of additional sprays from holes drilled in the spray 
l>ipes. The water (alls round the,;^es and end of the tuyere and 
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escapes from the back tbrougb the waste-w£^ter pipe as shown in 
Fig. 52. 

The number and position of the tuyere-holes very ranch 
•depend upon the size of the cupola, the/^uality of coke, and the 
nature of the pig to be employed. 

For some small cupolas, only .one tuyere is used, which is 
placed at the back of the cupola, about 15 inches above the bottom. ,< 
According as the diameter of the cupola is increased, so must tbo 
number of tuyeres be increased around it in the same horizontal 
plane, in order to generate a uniform heat at ail points in tlu^ 

. furnace. If the cupola is of a comparatively small diameter, several 
tiers of tuyere-holes should be arranged one above the other, 8 or 
10 inches apart, so that if required to melt a largo quantity 
of iron at once, the tuyere^HK be raised from the lowest range ol‘ 
tuyere-holes to the range '^ct above it, the first ranges being 
plugged with fire-clay ; when iron is melted to the level ot 
the second range, it is also stopped up, and the next higher i)nt 
in operation. 

But the ])rocess is much simplified by having a cupola of large 
diameter capable of holding a considerable quantity of liquid iron 
with but a small rise in height inside. There is then no ne(*e.ssity 
for more than two or three tiers of tuyere-holes. Of course, these 
observations do not a))ply to cupolas furnished with a belt. 

It is obvious that if still larger castings are required, the motal 
can be acciimulared in this way in ladles from two or more large 
cupolas, without the inconveniences of the shifting tuyeres, and 
the dangers arising from the pressure of great heads of metjil 
necessarily incurred with cupolas of small diameter. Tlicr(‘ is* 
however, a limit of time in this intermittent procass. In the first 
place, it is obvious that the metal must not be kept ,tpo long in the 
ladle before j)ouring ; and in the next place, sl^,S|pl accumulafii 
in the cupola, and the yield of liquid iron per Mk will bu con- 
siderably decreased. - 

The air-main from the fan to the cupola is provided with one 
or two upright cast-iron pipes, which may either lead into anolh(!r 
pipe surrounding the cupola, or be connected directly to the tuyere s. 

In the first case the pipe surrounding the cu^la has as Tuany 
openings in it as there are tuyeres^ and the npsszles of the tuyeres 
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firo attached to these openings. In the second case, where the 
luyore nozzles arc fixed on the upright blast-pipes, it is obvious, 
tliero must be as many upright pipes* leading from the blast-main 
as tliere are tuyeres in the circumference of the cupola. 

In arranging the air-main from the fan to the cupolas, by-pass 
valves should be so arranged that the blast can be shut off- from 
any one cupola at any moment, without interfering with the supply 
of blast going to the others. In some forms of those furnaces 
})rovi(led with a belt, means are provided for separating the blast 
of the upper or lower row of tuyeres, or again from any particular 
2 )air of tuyeres, at will. 

It is sometimes advisable to have a movable iron screen to 
protect tlie furnace men from the heat and smoke which issue from 
the feeding mouth during windy wu^er, hut however easily these 
refinements can be made to woik, the men seldom avail themselves 
of iheir use; besides, when a cupola is in blast, the furnace man 
jias to Ivcep a sharp eye n];>on the feeding mouth, to regulate the 
su])p!y of materials, the proper combustion, and the uniform descent 
of the iron and fuel. 

One of the most important modifications in the construction 
of the cupola has been the introduction of the falling hinged 
trap-door, shown in Voisin’s furnace, Fig. 43, to allow of the 
whole contents to be dro];)ped into a pit beneath the cupola, after 
tap})iijg; by this arrangement the cupola is much more easily 
and (piickly emptied wdien "done w’ork/’ than by the old and 
fatiguing process of " rakin'g out.” When tljis arrangement can 
be adopii'd, that is, when there is the power to have a clear gang- 
way left beneath the range of cupolas, it^ Myiecessary to pay great 
attention to the proper arrangement and Hffength of the suj*port 3 
ibr tlie cupolas. 

A l)rick^||||pel for the blast-pipes should be built behind the 
cupolas, the^jjPk and^konts of the cupolas should be carried on 
sirong brick ]^er8, with a vaulted brick passage jmssing directly 
under the cupolas, leaving the central portion of the bottom of each 
cui)ola quite free. Light iron trucks running oujirails laid in this 
piis-age will be brought under any cupola that is to be emptied, 
will receive its load of coke and slag, and will be run away to tlie 
pit, where its cottents will be emptied and quenched, preferably 
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by a hose and jet,%o as to avoid nnnecepsarily aatnratin" the coke 
as is done Vfhen it is bodily cast into water trouglis to be cooird, 
and wbeH the coke is again used, the whole of that water has to 
be evaporated. 

The mode of forming the trap-door is as follows The brick 
lining of the cnpola‘ rests upon a strong flanged iron ring, wliicli 
is supported by cast-iron columns resting on the brick piers. Tlie^ 
central circular aperture, as large as the interior of the cupola h\l 
by this ring, is closed by a wrought-iron trap-door liingod to the 
buck of the cupola, and secured in its place by bolts, which can l e 
easily drawn by a sharp blow, so as to let the trap lull vertically, 
when the whole of the contents of the cupola will be received in 
the trucks beneath. 

The trap being left opeij||dlows a current of cold air to pass 
up through tlie cupola and chimney, so that in the course of about 
twelve hours the lining has cooled down sulliciently to allow the men 
to r^air it, and put in a fresh bottom of loamy sand. 

In places where this system cannot be adopted, and the raking 
out of the cupola from the front, on the old plan, is to bo us(‘(l, 
the breast opening should be left about 2 feet square, to be closi d 
by a falling apron of wrought iron, having a small opening left 
at its lower edge for the tapping hole, 4 or 5 inches wide, by 
6 or 7 inches high. 

When the cupola is to be charged, the apron is loft full open ; 
firewood and coke are charged into the cupola and ignited, and 
when the coke is well alight, a quantity of loamy sand is shovelled 
into the breast opening until it is quite full, and is tightly rammed 
in ; the apron is thieffly^qu^ht down forcibly througli the supor- 
lluous sand ; or xuay be closed before the fire is lit, and 

the furnace man, when pittting in the sand bottom, must also fill 
up the breast opening with the same material, a|||||^ to the iron 
, apron, and to the full thickness of the bri^liuiug^lPhe cupola. 

In either case care must he taken to preserve the tap-hole 
(made as before described) open, which must be on the level of tluj 
shoot outside, '^This tap-hole is, of . copr;^, placed so as to come 
within; the orifice left on breast opening, 

Wh^ metal commences to flow, the tap-hole is closed in 
the usual way. ; • ^ 
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In the disposition of a range of cnpolas, attention sbonld be 
particularly directed to placing them conveniently for access with 
iIjc raw materials, all of which it must be remembered have to pass 
along the charging platform to the furnace mouth, and are much 
more bulky and weighty than the output of castings. 

It is advisable to keep the cupolas, the tapping floor, and the 
charging platforms in a separate building from the rest of the 
iounrlry, but communicating with it, and to have it covered with a 
liglii corrugated iron roof, hut provided with means of obtaining 
am])lc ventilation. 

The charging platform must be strong enough to hear the 
jiassago of the heavy loads of materials passing over it, and of 
sufficient area to allow of the separate stacking of the coke, lime- 
stone, pig and scrap iron employed in each cupola : also for the fire- 
brick and fire-clay required in repairs and lining. 

Tliere are various methods employed for raising the materials 
on to Iho charging platform, the most costly and inconvenient of 
all being manual labour, except in cases of very small foundries. 

A travelling steam-crane which can be moved to serve any ono 
of the range of cupolas, or a hydraulic lift, such as that shown on 
1 'ig. 40, page 108, which will hoist a truck load of coke or iron from 
ground level to the platform, are the arrangements employed 
in tlje best works ; all materials reaching the charging platform 
should pass over a weighbridge, and the furnace man in charge be 
iuad(^ to keep an account of these deliveries. 

In charging coke into the cupola, a wide steel fork, with about 
eight round tines or prongs, will be found more convenient and 
e(*()jiomical than the common shovel generdly used, as the coke will 
hti less broken, whilst the breeze and dirt wifi not be thrown into 
cu 2 )ola, as with the shovel. M 

In caseg. Inhere the coke ia very friable, or has had to bear much 
carriage, the percentage of breeze becomes a materiol element in 
the cost of fuel ; if thrown into the cupola, much of it is immediately 
hhnvn away, whilst any dirt put in with it of course represents so 
much the more slag U) be dealt with. 

The breeze, if kept clean, can, be ground into cokerdust, to be 
US' d by the moulders. ‘ 

Suj) 2 :)osing the cfOpola to bo cool, but in good working order as 
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to lining, tuyeres, &c., the felling iron door at the hottom, if the 
cupola is provided with one, must be closed, securely fasleiK cl in 
its place, and then wdl covered with sand ; moulding sand is 
when only a small quantity of iron is to be smelted; if a 
quantity of melted metal is required, a more refractory sand is 
desirable. A wood fire is then lit in the cupola, upon which c(d\(‘, 
coal, or charcoal is placed, the tap-hole being left open to su])ply 
air to support the combustion, the tuyeres also being left open. 
When the furnace is thoroughly heated, and combustion lias 
extended itself well up and above the tuyeres, the fan, or hlower, 
is put to work. Before putting on the blast, however, tlio large 
tap-hole must he closed with moulding sand, or good fire-proof clay 
and sand mixed, leaving a small hole at the bottom, which servos 
as the tap-hole for the iron. This should he about 2 inches 
diameter, and is formed by placing a tapered iron bar in tlie 
])lace where the hole is to be, ramming the sand tightly ar^mnd 
it, and removing it as soon as the hole is properly and securely 
moulded. When the blast is put on it will drive a flame llirongli 
the tap-hole, as well as out of the top of the cupola. The tap-hoh^ 
is left open to dry the fresh loam and sand, and also that iis 
sides may he glazed or vitrified by the heat, so as to resist tli(! 
friction of the tapping-har ; the heat also serves to glaze the lining 
of the cupola in those parts whidi have been mended with fire-clay 
since the last smelting. 

When the cupola is intended to hold a large quantity of 
iron, the large [tap-hole should, he covered with an iron plate, 
securely fastened to the iron casing, Ieq.ving only the small tap-hoL) 
open. ^ , 

.^Commence charging iron as soon as the lower parts of tlie 
furaace show a white heat, which is best known by the colour of 
the flame issuing from the tap-hole, it being at first a light him , 
but afterwards becoming of a whitish .coh)^. About ten iiiinutes 
after charging the iron, the melted inetal appears at the taji-liole, 
which must then be closed by a 6top|»er mtvde of loam, whicli lias 
liecn worked by hand to a proper consistence ; a round ball of tins 
is placed on a disc of iron at the end of an iron rod, and is fbrc(‘d 
into the tap-hole; this is also done when it is wished to sto]) a 
tapping out with the Lott or bod stick, as itist;al^ed, but is then a 
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more difficult operation, as the molten iron frequently sqiiirts out 
pass the bott stick whilst the men are trying to apply the plug. 

The cupola should be kept full, whilst in blast, or at least so 
long as iron is melted, by alternate charges of iron, fuel, and lime- 
stone. Fuel is generally put on first, then iron, and, lastly, the 
jiiuostone, and the charging continued without intermission, until 
all the iron required at that time is melted, when the charges are 
stopped. The blast is, however, kept On until all the iron has been 
lapped. As a matter of experience, it has been found that the 
interior form of furnaces greatly affects the condition of the metal, 
and thus influences its applicability to certain uses; thus cupolas 
wJiich are larger in diameter at the bottom than at the top work 
liotter than those with parallel sides, and also last longer, os the 
melted iron, which is apt to cut the fire-brick, then sinks more 
through the materials in the body of the cupola than it does in 
cupolas with parallel sides. The amount of taper to be given to 
the lining depends upon the size of the cupola ; a large one will 
bear more taper than a narrow one. 

If it is intended to melt different qualities of iron in the same 
heat, a thick layer of fuel should be placed between the various 
brands, so as to allow of the extraction of all the iron which was 
lirsst charged, before the second appears at the bottom. 

In such cases it is preferable to first melt the grey iron, or that 
iion which is to make soft casting', and white or hard iron after- 
wards. 

When as much iron is melted as is required, the clay plug of 
tlic tap-hole is pierced hy a sharp sleehpointod bar, or iron rod 
driven by a hammer, and the metal run into pots, or it is run 
directly into the mould by means of gutters moulded in the sand ' 
of the floor. Between each successive tapping of the iron, the t#p- 
liole is closed, and more iron is allowed to accumulate in the bottom 
of th(3 cupola. 

Where more iron than the furnace will hold is required for one 
casting a portion of it is poured into a large ladle, which is kept 
until another charge 's read]| and this process^ as before remarked, 
may be so managed as to obtain good-siz^d castings from a small 
cupola. 

Less coke is Consumed when tie fusion is pushed more rapidly 

L 
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to collficl; a greater quantity of metal for heavy casting, as the iron 
required beetdes is not so hot as for smaller castirigs. About one- 
half more coke, on the Contrary, is consumed in melting metal for 
hollow ware, and ornamental work, as these thin, straggling castings 
requite metal at a much higher degree of heat than the largm* ; 
and were such metal suffered to remain long in the bottom of tbe 
fornace, it would run a risk of getting too cold to afford sharp 
impressions of the moulds. 

The greatest source of waste, however, occurs when iron is 
taken from the same furnace at one time for light, thin gooJs and 
for heavy work. For as iron becomes less fluid the lower its tem- 
perature falls, it may he at first at such a temperature as will be 
suitable for the former kind of goods, while iron at a much lower 
one would be suitable for heavier casts. We may observe that wlnm 
iron is drawn too hot for such a purpose as the latter, it must l)e 
allowed to cool before being poured, and the cooling is quickened 
by the introduction of scraps into the melted mass. 

In foundries turning out 60 to 100 tons of castings per day of 
12 hours, six men are necessary for the charging and general re- 
pairs to the furnaces, when in duplicate, as shown in Fig. 813, viz : — 

One man for charging and generally superintending. 

One man for assisting in the charging direct. 

Two men for breaking tbe pigs into two pieces and placing 
these conveniently for the men charging the furnace. 

One man to stand by at the tapping hole and superintend the 
regulation of blast, so as to supply the lequired quantities of metal 
from time to time. 

One man for breoking'^wn scaffoldings, &c,, and fettling the 
furnace generally, r^dy te^'oemmence charging, also lining the 
noiStal ladle inside with loam or rock sand. One man or more may 
be required, according to circumstances. This, however, must bo 
left to the judgment of the fouimiry 

When the work of the cupola is over, the workmen referred 
to commence opening up and clearing out tbe remaining red-hot 
char and znetal. To this end they h||ak down the temporary clay 
work that narrows up tbe tapping dopr to one small hole. Ilaving 
cleared this away, a plate-iron fence is ^ up opposite the door 
behind which the workman stands and over which he shoots a long 
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rod, kneed at the end, into the fnrnace to looseii the contents^ con- 
sisting of refuse coke and day. and diags them out wliile yet hot ; 
for, if suffered to remain tiU cold, they would be congealed into one 
comj)act mass. This operation is much more easily p^formed in 
cases where the cupola 1$ built with a movable bottdm, as has 
already been described, as it js a very slow and laborioqs task when 
done with the raking bar. 

'Die quantity of coke consumed depends not only the 

quality of the coke itself, but also of the iron to be melted, " Thus 
No. 1 hematite or cold’blast iron requires much more coke than 
Scotch or Cleveland. Anthracite coke, which is harder and denser 
than any other coke, requires a stronger pressure of blast for its 
effective combustion, and in such cases a blower is to be preferred 
to a hill, as giving a stronger and more effective blast. 

It is absolutely necessary that the furnace should be kept in 
gof>d repair, so as to preserve its shape, and the charges should 
also he made level and uniform in thickness as well as being care- 
fully weighed. Evary care in this respect must be insisted upon, 
as it is absurd to expect anything but wasteful results unless each 
charge bears its proper relation to the preceding, which can only be 
the case by constantly using the weighing machine. 

J loth time and fuel are no doubt economised by the use of hot 
blast supplied to the cupola, but such economy would seem to be 
very small unless the temperature of the air can be brought up to 
from 700° to 1000°, although it is well known that with blast- 
furnaces an apj>reciable saving of fuel is obtained for every increase 
in the temperature of the blast sujtplied. But in that class of 
work the furnaces are so large, and the fuel consumed is so 
enormous in quantity, that oven a small percentage saved amounts 
to some considerable gain at the end of the year ; thjs is shown by 
the bu t that old blast-heating stgms which gave a temperature of 
about 5()0°, were generally replaced by improved cast-iron-pipe 
stoves, which could be worked up to or a little beyond 800°; these 
in their turn being rapidly swept away in ligland, America, 
France, and Belgium, to be replac^by fire-brick stoves, with whicli 
the blast can be heated to about 1200° pr 1100° Fahr. 

It must be remembered, however, tliat to produce a ton of pig 
iron from the irdnsk>ne irequii^es a cou^umjption .of 20 to 25 cwt. of 

" L 2 
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coke, eometito^a 'even more, and consequently when it is clearly 
seen that by adopting fire-brick stoyes to obtain a high temperature, 
a saving of at least 5 cwt. of coke is effected for every ton of pig 
produced, an ironmaster can at once appreciate the fact that such 
appliances will very soon pay for themselves. 

Unfortunately for the cupola its c^ is by no means so clear. 
In the ffrst place, only pig iron is melted, in it, and that generally 
not large quantities at a time, and most cupolas are only 

worked ; intermittently, llie consumption of fuel lor the work 
done is not very large, seldom exceeding 2 cwt. of coke per ton of 
iron brought down, consequently the general feeling appears to be 
to construct cupolas of the best known form, but not to adopt costly 
appliances for saving fuel, as they involve complication, are neitlier 
liked nor understood by the men, and even if successful make little 
alteration in the profit of the concern. Such reasoning is very 
obstructive of scientific improvement, but may be very good prac- 
tical wisdom. 

Notwithstanding this laissez-aller principle, there have been 
many attempts to heat up the blast supplied to cupolas, but in most 
cases failure has occurred from the difficulty of obtaining a realhj 
high temperature. 

It has been proposed to surround the cupola with a jacket ; 
others have pkced piles of air pipes and passages over the cupola 
mouth to abstract the heat from the waste products of combus- 
tion. but ill such arrangements the iron exposed to the heat will 
not long stand a high temperature without warping and leaking, 
and a low temperature, as before remarked, is of no practical 
utility. 

In country works there are times when a small quantity of 
metal only is required to be melted, much below the usual burden 
of the cupila, and if for this sim^ cast of metal it is necessary to 
work through with a full char^ for the cupola, much fuel is un- 
necessarily burnt, and much time lost. 

One remedy for this evil, as practised in France, consists in 
building a cupola rather large in diameter, and lining it inside with 
damp, loamy sand, rammed hard into place round a number of 
wooden cores, which are afterwards removed. 

This arrangement gives the power of varyiiig the internal 
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capacity and shape of the cupola to large at a compara- 

tively sViall cost, and with no very great delay^ 

In the United States pulvorisei coal and fine slack have been 
used in cupolas. The practicability of this ntilisation of a com- 
])aratively waste product was discovered in the following manner. 
There had been some trouble through scaffolding in the cupola, 
and to melt down the Salamander, the manager wit^direw the 
tuyere-pipes, rammed in a lot of small coal through 
holes, and again put on the blast. The scaffolding was iiiB^ed in 
a very short time, and the work proceeded as usual. The hlast- 
pipo was then perforated, and a small quantity of fine coal was 
sujipliod to the cupola through the tuyeres, which it was found not 
only prevented scalFoldiiig, but caused the cupola to work much 
more rapidly. The great waste in melting iron in a cupola usually 
occurs at the zone of the tuyeres, on account of the large quantity 
of air blown in, and the absence of carbonic oxide at that point. 
What little carbon the air comes in contact' wit li at this point 
forms carbonic acid, which is almost, as destructive to the iron as 
frc(i oxjigen. 

The principal waste of the metal occurs after its fusion and in 
its passage through this carbonic acid and atmosphere. 

By the injection of the fine coal with the blast its combustion is 
.s(icured at the zone of the tuyeres, producing carbonic oxide, and 
thus ])rcventing the oxidation of the descending metal. 

Beyond saving the waste of iron by this improvement, a much 
]:irger percentage of the carbon which the pig conhiins is trans- 
mitted to the converter, an advantage which would also be of great 
value in all cupolas for melting iron for castings, as the chief 
difliciilty in that line is that the carbon is burnt out of the metal ; 
the metal thus prepared is also said to run more fluid, and to 
produce finer and tougher castings than that melted in the ordinai-y ^ 
niiiuner, ) 

In concluding this section we wish to impress upon the 
foundry manager the importance of securing the good working of 
his cupolas by selecting the fuj&ace men from among l^e most 
intelligent of his liands> for most the trouble in the woi ks has 
its origin at the furnace. If this, is cobbled and not kept in every 
way as it shouldf le» c<||usiant annoyance will be the result. 
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Sealing with the wirions qnalitieB of pig iron in a previons 
itshapter* it was adyocated strongly timt th^ rarious brands of pig iron 
4}r scrap should be chosen with regard to its composition as shown 
by chemical analysis. If, then, we have arranged the charge of pig 
wd jmg^to produce the quality of metal required, it will be s( eii 
that’S^ in a cupola should be restricted to melting only, 

otherwSe a dill'erent quality of metal may be produced. The ideal 
cupola is, therefore, an electric one, by means of which heat only 
is produced, by forming an electric arc. Many nostrums in the 
form of fluxes, &c*, have been proposed, however, to carry out 
chemical reaction in the cupola with a view to further purification 
of the iron ; but when it is considered that little can be done in this 
direction even when the cupola is under scientific control, it is only 
wisdom in ordinary cases to have nothing to do with any of them. 

Slag in cupola practice is a natural product of suflicienlly 
fusible character, without the aid of fluxes, by reason of the silica 
which is always present in the form of sand, firmly adSerent to 
the pig iron. As the pig iron becomes sufiiciently heated it gets 
superficially converted into oxide of iron. The sand (silica or 
silicic acid), although infusible alone at the working temperatures in 
a cupola. It will, however (being a powerful acid), when heated in 
contact with any basis substonce, such as oxide of iron (as is the 
case when melting iron in a cupola), chemically combine therewith 
to form a silicate of iron, FeOSiOa, which easily fluxes. 

I'be amount of slag produced is also dependent on the quality of 
coke used, the ash of which has much the same composition as 
clay, consisting chiefly of silica, alumina, oxide of iron, lime, and 
^ magnesia. The latter four, bein^ basic substances, are generally 
sufficient of themselves to forai^t^ easily fusible slag, by combining, 
as in the previous case, with tlm .silica* 

When melting jug iron in a^'M^^la under ordinary conditions 
in practice, it will he seen that a fusible slag is not only produced 
withoi^’ ihe aid of other fluxes, but is unatoidable. The com- 
posilaon pf slag thus formed will,,; of course, vary with the 
proportion cif; ^sand introduced mth also^he proportion of 

ash in the poke. The following figures idea of the com- 
position of slag produced without id other fluxes : — 
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«wt. 

Coke ash .. .« .. .. *20 pw ton of ir<mi^Ued .4 

Baud „ *50 „ ft 

Oxide of iron .• .. .• *60 or ^ m 

Total slag .. •• 1*60 to 1*9 n 


From these figures it be seen that the sand, in forming a 
flux, combines with an equal weight' and sometimes even twice its 
own weight of oxide of iron, hence the advisability of cleaning the 
pig iron of sand before chfg*giug. To get rid oT sand, wl^h for 
various reasons is desirabl^^it has not only been Suggested to cast 
the pigs of iron in iron moulds, but in several instances this pro- 
cess is now being carried on in practice. The pig metal pro- 
duced in this manner will, of course, be chilled, so that it has a 
white fracture ; the composition, however, is unaltered, and when 
reirielted in a cupola and cast again in sand moulds, the castings 
produced will have the desired properties. 

Lime as a flux is almost universally used. Its action is dependent 
on its basic properties, by reason of which, given suflScient heat, it 
combines with silica, to form silicate of lime (CaO -b SiOa), which 
fluxes easily. The lime required for this reaction is added with the 
charge in the form of broken limestone rock, the essential compo- 
sition of which is Ca()-hC02. The carbonic acid (CO 2 ) is driven off 
by calcining, as the limestone descends with the iron and fuel, leav- 
ing burnt lime (CaO) to the amount of 56 per cent, of the original 
weight of limestone charged. This lime (OaO), of course, ultimately 
reaches and enters the slag hath on the top of the molten metal. 
The latter, being formed up to this point without the aid of Kme, is 
therefore essentially silicate of iron, which when mn off and cooled 
solid, has a black glass-like appearance. By the addition of lime, 
as described, the slag undergoes a gradual chemical change, the 
lime displacing oxide of iron, which latter is simultaneously reduced 
to the metallic state by the carbgn: present in the tnplten iron, so 
that, given sufficient time and lime, the previously blaA “ silicate of 
iron ” slag would ultimately become, essentially silicate of lime,” 
which when cold and solid has a whitish colour, such as that 
from blast furnaces wh^ in good working order. It is doubtful, 
however, whether lime can play the same part in a cupola as it 
docs in the blast to evm an appreciable extent ; its chief 

function in a cupola, no doubt, Wing thb formation of silicate of 
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lime, by combining with lybaterer sand falls to the bottom of the 
cupola iniioombiiied with oxide of iron, and also by partly combining 
with any excess of silica in the ash of the fuel. The slag from a 
cupola in which lime is added with the charge is composed chiefly 
of silicate %f iron and silicate of lime; the proportion of the lattc^r 
being too small to appreciably afleot the black glassy appearance*, 
due to tbe oxide of iron, even when the latter is present only to 
the extent of about 5 per cent. 

Lime, by reafpn of its powerful aflBi^ity for sulphur, is supposed 
to prevent any of the sulphur from the coke combining with tbe 
pig iron, and, certainly, there would be less chance of the iron being 
contaminated with sulphur as described, if the slag were maintained 
highly basic or limy. 

Fluor-spar is, perhaps, of all other additions for fluxing, the one 
which may be as safely employed as limestone. Its composition, as 
shown by analysis, is as follows : — 

I’er * Pi)t. 


Fluorine -17* Oi 

Calcium f)0 '.Mj 

Silica 1*02 

Oxide of iron .. *08 


IQo-OO 

The name of this flux is derived from the ease with whicdi it 
melts to form a liquid slag, tliat runs or flows freely. Jii a 
cupola, therefore, by adding fluor-spar, the slag should separate 
more perfectly, and at the same time cause the cupola to work 
cleaner. When, however, more than that indicated is looked for or 
promised by interested parties, then only disappointment can ensue. 

To obtain the best results from fluor-spar in cupola practi(‘e, it 
is generally recommended to be used along with limestone, tbe 
latter being correspondingly reduced by one-thifd to one-half tlio 
quantity hitherto used, when 9 to 10 lbs. of fluor-spar per ton of 
iron is added therewith. 

When fluor-spar is added, however, a nasty acid smell is given 
off when the metal is being run from the cupola to the ladles, and 
also from the slag-hole (especially when the furnace is in blast) ; 
and where the cupolas are confined tod the surroundings not too 
^ell ventilated, the effects become unbearable — so much so, tliat in 
some instances tbe men have indicated their ^unwillingness to 
continue their work if the use of fluor-spfir Were not stopped. 'I’Ik? 
slag produced by the addition of fluor-spar is of a light brownisli 
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yellow colour, at the fracture, although somewhat similar to ordi- 
nary slag in outward appearance. 

Before chargjn.g limestone it should be broken up into small 
pieces in order to facilitate its distribution throughout the, other 
charges of iron and fuel, otherwise there is a tendency for the 
larger pieces to lodge close to the brick lining. When this occurs 
at a point where the temperature is sufficiently high, the conditions 
are such that the acid properties of silicon (of which the fire-brick is 
essentially composii) and the basic properties of the lime cause these 
substances to combine, forming a fusible slag (silicate of Hme). This 
action, it will be seen, is at the expense of the fire-brick lining, which 
may become badly cut up and the proportion of slag increased 
thereby. 

During the coke efficiency trials tabulated in pages 123 and 124, 
the amount of limestone added, and the quantity of slag produced, 
were as follows : — 

Limestone added = *2468 cwt. per ton of iron = 1*234 per 
cent, of the weight of metal melted. 

Slag produced = *5800 cwt. per ton of iron =5= 2*900 per 
cent, of the weight of metal melt^. 

Ladle skimmings = *7560 cwt. per ton of iron = 3*780 per 
cent, of the weight of metal melted. 

Approximately, 75 per cemt. of the skimmings may be re- 
covered as iron by returning it to the cupola the following day, so 
that only ’189 cwt. of eartliy suLstauces per ton of metal melted 
is accounted for in this item. 

To ascertain the composition of the slag, it should be remem- 
Ixircd that 44 per cent, of the weight of the limestone has 
j)assed off as carbonic acid (CO*) (while descending along with th^ 
metal and fuel, as . the' working temperature in a cupola is suf- 
ficient to calcine the limestone, as in a limekiln), i.e. only 56 per 
cent, of the weight of limestone reappears in the slag (= *1382 
cwt. per ton of iron charged). 

The difference between the weight of burned lime (CaO) and the- 
weight of slag produced, i.e. *58 ewi — • 1382 cwt. s=e *4418 cwt., 
represents the w^eight of the sand, ash of coke, and the oxide cf 
iron which are^carried away in the slag. 

Taking the average coke Consumption at 1*6 ewi per ton of 
iron melted, and the average nmouni of ash in the coke at 10 per 
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cent., then tlM ^n^ortion of dag dae to coke ash «= *16 cnt. per 
ton of ^rpQ &mn wbidt.,^C derive proportion of slag 

doe to toxide of iron wd eond ss *4418 ~ *16 = *2818 cwt. per 
ton of.iioQ mdted. 

Aestuning that . this *2818 ewi of slag is all in the form of sili- 
cate of iron . (FeOSiO,), in whidi the ratio — — =^-i> 
then we can estimate the loss of iron as follows : — 


Weight of oxide of iron (FeO) ton of m^l melted, 
•2S18x72 _ . 


132 


=s *1537 cwt. ; 


•1537 


from which we have the weight' of sand (SiO,) = *2818 — 

= • 1281 cwt s= * 64 per cent. 

Oxide of iron (FeO), as it is fonnd in cnpola slag, contains 
77*77 per cent, its weight of pure iron (Fe). 

So that the weight of pure iron (Fe) carried off in the slag of 
•1537 X 77-77 


iron melted s= 


100 


= *1195 cwt 


For the other elements shown to exist in pig iron (see Tables 
of Anulysis) add, say 7*5 per cent. = *0089. 

Therefore we have the weight of pig iron lost per ton of iron 
melted, due to iron combining with silica to form slag = * 1281 cwt., 
or, in other words, the loss of pig iron by remelting is ec^ual to 
• 642 per cent * 

If, as a practical .example, we take pig iron at 45s. = £2 • 25 
per toil, and the annual output at 20,000 tons of costings, the lo.ss 
per annum due to remelting 

20000 X £2*25 X *642 


100 

apart from the loss of dead weight due to sand ; 
which, by the same process, 

20000 X £2*25 X' ’»405 

'■ , _ , “ ^ • -lOO:. v.--;-' 

^e totah.loss due to the pres^^ of t^and <^| 
the pigs (dot including thatvdth . .1 ~ 


* £288-9 


£288-225 


£577-125 
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An abstract of the 'foiegc^g ^ores ia.iui I^Uoxtb 

1 ton of pig iron when ?6melfced| 
in a cupola produces slag of ' *1600 ^ ‘dnn to lU^h 

the following oompOBition, when ® '•1537 Oxi^'efixon (FeO) 
limestone flux is added J *1281 fiatid(BiOj) ^ 


TiObS from skimming 


‘1895 ,, earthy ineomhusUble matter 


Total tliooroticul minimum loss V \ 

by twiicltiug ” p« ten <rf i»B indtei 

s= 8‘847 per i!ent.« say 5 peir cent 


Theoretical Considebatioks with bbference to Fozl 
Consumption in a Cupola. 

Having in the foregoing stated some of the best results as 
regards the fuel eflSciency obtained in cupola practice, it will be 
iiilorestiiig now to investigate the probable limits to economy of 
iuel in this department, as suggested by theoretical considerations 
with reference to the calorific value of the fuel used. 

In the following calculations, coke * fuel of the following com- 
I)osition will be taken as a standard: — 

pi'r cent. 

Carbon .. .. 9:»'14 

Sulphur .. 1*22 

Abh 6*34 

UK 

10 ’87 lb. of air, i.e. 142 ’8 cub. feet at HI® Fahr., aie required 
for the complete combustion of 1 lb. of coke' of the foregoing com- 

jK)sition. 

GuloriQc value of w^ht of ooke. Bariog the fpr^ing 
composition, and free from moisttir^ is .ascei^ned as foUo'Nt.: — 

03-4.4 per cent X Rl'.U'a 

l-2i n BuJphnr X 40-32 ^ , 

■' ■- ' 
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Prodncis cooibtistian mo as follows : — 

per- Wetehtfier 

i w ' , Vi, contajre. y.V. IK 

, ; <^ .. .. 9S-44 X -0:^66 « 3 42 lbs. TO, 

Wpbntdua acid *. .. 1'22 x *02 = 0-24 „ SO^ 

^ : NitTOgon (93^44 X ’0S93)-!- (1*22 x -0335)= 8-38 „ N 

^ Tbetotalweightof escaping gases per lb. of coke = 12*04 

‘ Weights of the various compounds formed by combustion : — 

Wciglit of carlwuic acid resulting from the oombtibtioii of lb. cnrlwn = •0:j»;c» 
^ salpburous acid „ ^ „ sulphur = 0200 

„ nitrogen in the air for combustion of „ carbon = -osiKl 

^ n ‘ n f* . *» »» sulphur = -0335 

Heat carried off in the above products of combustion for oacli 
degree F ahrenheit 

Carbonic acid = 3*42 lbs. x *2164 specific boat = *74 TlT.U's. 

{Sulphurous acid = *24 „ x ’ISSS „ = *0372 „ ^ 

Nltrogeu = 8*38 „ X *244 „ = 2 0447 ^ 


Therefore the heat carried off per lb, of coke con-'^ ^ 2*8219 
Burned .. .. ; “ - 


For each degree rise in temperature. 


When the products of combustion of carbon are represpiited 
by the analysis of ordinary cupola gases given in page 123, it will 
, be (bund that only 52*2 per cent, of tlio carbon is burnt to foi iu 
COj, and that only 47 *8 per ceiit. of the carbon is burnt to form CO. 

Under such practical conditipns, where combustion is incom- 
plete, the products j^oombustion of 1 lb. of carbon will bo as 
follows * 

tiulrboii. OxyKPn. 

Cartionie ncid (OOj) « 5 2 Ih, + CSSS X 2-6(5) lbs. = 1*9 IK CO, 

Otirbonio oxide (CO) = -478 „ rf (-iyS- X Z-8S) „ = 1-113 „ CO 
■ .Kitr(»gen a I (-622 x 2-86) + (*478 itl‘83){ ,X 8-35 = 6-779 „ N 

float carried off in these products for each pound of coko coii- 
^tiied for each degree Fahrenheit:— 


Csrbouio acid =1*9 lbs. x' specific beat « ' '4129 B.T.IJ a. 

Ik =5 1*113 ,, X *2479 „ as ^ '2761 „ 

^ a= 6*779 „ x '2440 ^ sa 1-6,5 4^0 „ 

Stilphurous acid *940 „ x *15^ „ tr *0372 „ 

, ' yi ToUd lossporlbtbf coWpordej^ee^ t^ ,]^^^ n 
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Auodnt of Hbat Bequifed to Mei/t Pio Ibor. .. 

Melting ^int of cast iron, 2190® Pnhr. 

Specific heat of cast ipon (solid), *13® Fahi. . 

Therefore the amount of heat required to raise ! ton of pi^ 
iron from the normal temperature of 62° Fohr., up to its melting 
point of 2190° Fahr., is estimated as follows : — 

Weight In Pounda. Rise In TeibperattiTe. Specific Heat. Quantity of Heat 

2240 X (2190° - 62°) x *13 « 619,673 B.T.U’b. 

Up to this point the metal bas simply begun to melt ; and to 
oomjilcie the melting process, it is necessary to maintain the supply 
of heat until the whole of the metal is reduced to a liquid condi- 
tion. During this Litter stage (which corresponds to that of 
malting ico) the temperature remains constant, and only begins to 
rise again when the whole of the solid metal under treatment has 
become liquid. The heat supplied during the period of constant 
temperature has really been spent in overcoming the molecular 
cohesion of the solid state, and thus changes the metal from the 
solid to a liquid condition. The apparent loss of heat is, tlierefore, 
called “ latent heat/’ in contrast to “ sensible heat,” the latter of 
which is evident, and easily estimated by the rise in temperature, 
indicated by a suitable thermometer or pyrometer. 

In order, then, to estimate the total heat (sensible + latent) 
required to melt 1 ton of pig iron, we will take the., results of 
experiments made by Clement,* who found that it required an 
expenditure of heat equal to 504 B.T.U’s., in order to raise the 
temperature of 1 lb. of pig iron to the melting point, and main^ 
tain it at that temperature until the whole pound was in a molten 
condition. Therefore the total heat required to melt l,;ton of pig 
iron will be ^240^ X 504 B.T.U’s. = 1,128,960 BXUW 

So that having the composition and calorific value, <!fec| 

stated in pages 155 and 156, the number of pounds theoretically 

required to melt 1 ton of pig iron » «3 J>. 

* See D. E^'plarke. p, 40?, ^ ^ 
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Or if th 9 fool be eoosidered as pure oarbon (see p. 73), tlio 
munbst ■0$ poftoda required per ton of iron melted 

. » 77*85 lbs. 

In addition to the foregoing theoretioal estimate it will 1)6 
necessary, for ordinary cupola practice, to estimate the vaiuous 
losses doe to the following unavoidable retarding influences, m 
order to arrive at a really practical limit to economy. 

1. We have an unavoidable loss in an ordinary cupola due to 
the particular conditions under which combustion takes place, and 
by reason of whii’h a considorable proportion of the fuel col-e is 
only burnt partially to fomt' carbonic oxide (00), which pas&cs 
off at the top of charge. As derived from the analysis of fnruace 
gases, and stated in p. 123, only 52*2 per cent, of the caibou in 
the iuel is burnt completely to form GO,, while 47*8 per cent, of 
the carbon is only partially burnt, and escapes as GO. ^ 

To estimate the loss thereby we will, in the first place, assume 
that the fuel is pure carbon; so that the \arious losses will bo 
represented relative to the heat developed flom a fuel theoretically 
perfect. 

Under the conditions of combustion indicated by the analycis 
referred to— 

62 '2 per cent of carbon burned to form GO, = — ■ ^ 

= 7569 B.T.D’8. 

47*8 per cent of carbon burned to form CO = ^ 

» 2107-5 BT.U’s. 


From the most perfect fuel (pure carbon) we have, therefore 
the total heat obtain^ in a cupola per lb. s 9676 ‘5 B.T.U’s. 

The loss of heat in this manner, as compared with the total 
heat by the complete combustitm of 1 lb. of carbon, is, therefore, 

= 14,500 -9676*8, 

= 4823*5 B.T.U’8. 
ss 83 * 26 per c(mt IcMS. 


M % IioeB dttO to heat carried off at the top of ihe chargee in the 
iff efoffhnetion, the amount of which is iepreseuled by iLo 
tcmperatuie at which they escape ^ « 
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In most examples of eoi^ilmsiapo, it is aee^asaiy tint a certain 
amount of beat be retuimd in tbe gaseous jffoducts, in oii&c to 
maintain a sufficient draught of. ,a ;.nupola, bqvever, this 

is not desirable, as the snp^y of adr m indopetttdent of ibffi chimney 
dninght ; being forced by niiecjiani^at such as ly blowers. 

All sensible beat as represented 'ty the ienqi^tare of esjNipiBg 
gases should, therefore, be considered, as loss of efficiency. This 
temperature varies conedderably, according to wheihmr or not the 
furnace is working and melting well. Generally speaking, the 
furnace is working best when there is no flame; under the latter 
euiiditions the temperatnie immediately over and above the ch^e 
will be comparatively low ; and, taking itihat the lowest practical 
teinpc'.raturc is 162° Fahr., then the heat lost or carried away with 
the ])roducts of combustion is represented by a rise of 100° Fahr. 
above the normal temperature of 62° Fahr. 

The latter estimated temperature, however, must not be con- 
Ibundcd with the higher temperatures and roasting heats, olteu 
found at the charging door of a enpola ; as the higher tempera- 
tures referred to are due almost entirely to the subsequent com- 
bustion of the escaping carbonic oxide which, with the additional 
supply of air at the top, forms carbonic acid, similar to that indi- 
cated in examples Nos. 2 and 4, p. 73 ; the amount of which 
heat is lost as already considered and estimated in the foregoing 
page. » 

In p. 156 it has been shown that the loss per pound of coke 
foi every degree rise in the temperature of the products com- 
bustion from a cupola = 2-38 B.T.U’s. per pound. Therefore, for 
a rise of 1 00'* Fahr., the loss is 

2 -.38 X 100 = 238 B.T.Fs. 

That is, the loss of heat in this manner as compared with 
heat obtained in a cupola from 1 lb. of carbon 


■238 X ICO 
9676*5 




or, taking the loss rf heat as compared by 

complete combustion of 1 lb. of carbon , ' 

_ 238 X ' ' 

• T, 
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3. Loss doe to heated prodw^ of'eombiuiidn eaeaping through 
the tilagThol^ tsliiob is usually open \rliile the cupola is in bloAt. 
The a^Qilht of loss is this manner will, (^'course, depend on the 
weight* pr' volume, also the temperature at which these products 
escape. An approximate idea of the volume is obtained by com- 
parison between the area of slag-hole and total area of tuyeres, 
from which we may assume that the volume is one-tenth of the 
total volume of the gaseous products. The weight, however, is 
dependent on the temperature, which may be taken at 98C° Faiir., 
and by reason of which the weight of gases passing out of the 
sld^-hole will be reduced approximately by one-half, i.e. to one- 
twentieth of the total w^ht of the products of combustion. 

Taking 2 '38 RT.U'i as the Ipss for each degree Fuhr. rise in 
tcm 2 )erature, the loss in this manner is equal to 

2-38 X 924° _ nse ^ io9'9 B.T.U’s.; 


BO that the proportion by this loss to the heat developed is 


109-9 X 100 , 

”9676^5 1-13 per cent.; 


or, again, comparing with the heat due to complete combustion of 
I lb. of pure carbon, the proportion of loss 

109-9 x 100 


4. Loss due to the p'eeenee of water in the eoJee used ; this may 
vary from 1 to 15 per cent. The cause of such large quantities 
of water is often due to the excessive use of water at the drenching 
process, which is necessary in order, to arrest combustion and cou- 
Muent waste Pf coke. It may also be the result of exposure in 
^ wither— the latter possibility being Terj:!ua^ul as a plausible 
excuse to unscrupulous ihakers, who do not hesitate to drenoji tho 
piewly made coke.bej-oud what they'.know to be necessary. 

,ltt an .average sample of coke, ^ amount of water may be 
taken at 3 ps]^ cerd;. ; so that in ordinary cupola "practice we have 
at once a loss of 3 per cent, in effimmtey, due tc^l^ in vreight. 
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lu addition, to th^ .is tl^ sj^ent in erapoxating the 

said water, the atiw^ Of liphioh iff (Bstiiaatie^ V.^Uows ^ 

Total boat teqrnr^ to evapoiuta 1,1b. m water .at^htmo^b^ic . 

pressure s= 1150 B.T.Vs. * 

Therefore, heat -^uired to evaponite 3 per. ce^ of .water at 

1 1 • T150 X' 3 nA^ti m ' 

atmospheric pressure sa — rygrr — as M‘5 B.T;Us. 

So that, compared with the heat per pound of fuel ae burnt in 
a cupola, the 'loss is '385 per cent. 

Or, again, taking the heat lost in propor^on . to the heat 
resulting from complete combustion, of 1 lb. of carbom the loss 
= • 23 per cent. 

The total loss, therefore, due to the presence of water in the 
sjim])Je of coko referred to is as follows: — 

Pw cent. 


Iiosa liy'weigjit 3*0 

Lods by evaporation •• •• •• •• 0*23 

Total .. .. 3*23 


From those figures it will be seen that the loss due to the 
evaporation of the water is small compared with the loss 'by 
weight. ^ * 

5. Loss due to heat 4ll^ied of in the dag. To estimate this 

amount, the temperature and specific heat of the slag may he 
taken the same as for molten' oast iron. The loss will, therefore, 
he represented by the percentage of slag produced, which in 
ordinary practice variee from 1*5 to 5*0 per cent., or an average 
uf say 3*25 per cent. ; that is, the heat carried off- 1^' the slag, on , 
the average, will he .3 ‘25 per cent, of the heat required to melt * 
the metal, which. is only one-half or 50 per cent, of the total , 
lieat by complete combustion, as shown in page 1-@SL ^e loss in ' 
tiiis manner is, therefore, 1 ‘ 625 per cent, of tl« total beat by com- 
bustion of 1 lb. of carbon. -I'*:- (y,' 

6, Lose due to radiation of heai in oiperif djfegi^ 

l>e seen that the fate of heat lost in ifoin i.^reitpohds to 

the rate of heat lost while cooling, down is 

emptied; the actuid heat lost ii^.,the easily 

estimated by the temperature, speh^lb heat, and ’#b1ghf of cupola 
lining chiefly affe4^..yrhich qmmtity, taken m relation to the 
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time ft takes the fasoaoe to cool idowa^ famish a fair 
eaHnaata. /'f'- 

V^iVJbe fhmace ot onpola mdting at* the sate of 5 tons ])ci 
ho^‘t'*^th a coke cossamption of 2 cart, pel ton at pig iron melted, 
le. XO <mt or 1120 lb. of coke conaamed pjfjioar. The dimeu- 
portion <£ lining afiboted by hokt <u»> ^7> d'T) feet 
dimneter, lOimt high, and 3 inches th1(^ idl of which is suiipo^^ed 
to be white-hot at the time the onpola is emptied, and may there- 
fore be taken at 2000** Fahr., as the average temperature throngli- 
ont the 3 inches thickness. Say also that it takes five hours to enel 
down to 200® Fahr., with the bottom end dosed, i.e. 1800° Falir. 
fall in temperature. 

Specific gravity of lining » 2*5; specific heat = •2(Ilaulvinc). 

Weight of lining » 55071b.; total heat in lining = '2 x 5007 
X 1800® » 1,982,620 B.T.tJ’s. 

Thetelbre, the heat lost per hour 

» = 396,604 B.T.U’s, 

5 


from which wo derived the heat lost per pound of fuel 

* «i = 864 B.T.U’s. 

1120 

t'he proportion of heat lost compared with the heat rc&uUiug 
from complete combustion of carbon 

If we assume Ihc thickness of lining at inch instead ut 
3 inches, the loss ea 1’22 per cent. , 

The following is an abstract from the fouegping calculations . — 

S J*<i toni 

*No. 1. Loss due to incomplete comlmstion of the .. .. 33‘2t>o 

^ No. 2. ^ the escape ofreenelble heat in the gaseoug 

* product l'G40 

V No. 8a I, jdieescapetifeenmhlehoaiihtougU ^g-liole 

products .. .*• •• •., *757 

N6. 4. moisture or water held in the eoK 0 .. .. .3 2U) 

No, 5. tr sensible heat carried awny in the jllag •« l *(125 

NpaCe radiation of heat in every direpiijMt .a .. 2-440 

N<k 7* ff ' ash in, the fuel (see page X5$) m •, 5 340 

. CL ; * ^ IT snlplmr in the iuel Isee page 1|^ „ 1 * 220 

That is, Iho tot41 estimated fumvoidale lot/ukjii «rdi-l _ 

r«jry onpola pracii(D6 „ .. .. — ■ ■ 

Andniay beMcenni, s^y, 
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Tlio heat, therefot^ avaaltAlBi for melting the iron« &c, is 
] (M) -'5U = 50 iiaat by complete combustion 

of 1 lb of carbon " " 


^ 50 X 14,^ 
100 


«»7a50Btitislitlmnma 


The tot'll bcatToquire^ to melt 1 ton of pig iron; |N9 Mated in 
d( i Ml m paqes 157 and 158, is equal to B.T.tT's. 

Hid (lore, the minimum amount of coke ol*tbe oomposdtion 
cdptihle of melting 1 ton of pig iron ija an ordinary cupola 


1,128 9^ 
7250 


155*7 lb. as 1 cwt, 1 qr. 16 lb. 


After such detailed considerations, and the results derived 
lliddiom, statements such os 1 cut. of coke per ton of iron 
nidl'd, will be received witn considerable doubt; unless it be 
hi lined by some special process such as uould realise the total 
lu it by complete combustion of the fuel, in which case the beat 
d« \( loptd per pound of coke, after deducting IG per cent, for ash, &c., 
„s i\ tilled above, w<?1ild be 12,180 B.TUs. ; under which latbr 
I ouditions the minimum rate of coke per ton of pig non 

= B.T.D’a = 92-6 Ib. = 3qrs. 8ilb^ 

It should be observed how closely the first theoretical estimate 
I { 155-7 lb. of coke per ton of iron melted agrees with the best 
I (suits obtained in actual practice from the various types of cupolas 
iiieiied to. 
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CHAPTER V. 

VOMDSBIK 1 OAI.EBA8SE. 

Sdob is the title l)y which a ntimber of small iron foundries aro 
known in Belgium, having plant of the cheapest and simplest con* 
struction, and yet capable of turning out very creditable work on 
a small scale. Much ingenuity and skill aro manifested in the 
arrangement and manipulation of the apparatus employed, and n 
short description of the modus o^andi (in port obtained from 
Rivet’s * Encyclopaedia ’) will serve to show that in certain cases a 
small iron foundry might be erected with comparatively liltlo 
outlay, in colonies or other out-of-the-way localities ; or for repaiis, 
or works which wore required to be cast in siiu. In countries 
where waterfalls are available, the blowing power can bo obbiincd 
by means of the iromh, a simple apparatus well known in connec- 
tion with the Catalan method of redddng iron ore on an open 
hearth. 

Fig. 53 shows a side and front view of the Fonderic a 
Calebasse. 

In most of the Balkan foundries whero this system is employed 
the weight of metal required to be melted is very small in pro]ior- 
tion to the number and value of the castings made, these for the 
most part consisting of articles whose chief cost is represented by 
the skilled labour employed in the moulding shop. Delicate and 
artistic castings for domestic cr architectural requirements, and 
numbers of small pieces which Sre idterwards tp be annealed, are 
thus produced. • ’ . . 

For auch.psiposca the calebasse posses^ unquestionable ad- 
vantages over !|||pm|x>la, although, ftac any requiring a con- 
mdetal^ quantity of liquid iroot )the onpeds is decidedly more 
eommmiosd m oonsumptioiL of j -.v u 

The calebasse, or furnace^ may he Ukened to i small cylindrical 
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cnpolit) iMIiaontally into t#e> parts, Uom mtb one tuyirc, 

and ItAtbe W iap^lude. 


wliidi iff nstialljr mads^of st&nt plate iron, is 
dssigltt|^4is^<m from the bottom pari^^he lower part cousisU 
cast-iron vesSO]^ e}Mpefl|||^ ladle, and havmj; 
strmi^ ’^im aod cross handles fixed to shown. This poition 
o| tiie apparatns answers two pniposes : it is first nsed as a cmcihlt , 
and afterwards as the great ladle lor the melted metah 

The Oalebasse is placed againsj|t« wall, something in the mannor 
of a smith’s hearth ; over it is a hanging sheet-iron hood, leadiui; 
the products of combnstion to ^ ihel. 

That part of the mU'hnmjG^lately behind tho oalebasso is faced 
with good fire-hri(^,and is for the tuyere a to pass tbrongli 

Two large fire-lnmptljracgect £rom the wall, and betneen, these tli(> 
calabasse is wecte4 ^ 

The upper portion is called la towr (the tower) ; h, le criu^d 
(or crumble) ; o is the lower part. 

The tower is nsnally mode of strong wi ought iron, with i 
riveted band at top and bottom ; in plan it is of a lioise-slioi 
shape, the open side being that which is placed agaiubt the \iall 
The crucible is monnted like an ordinary ioniidry ladle, and 
may be of cast iron, although wrought iron is pieierablc. Its ] i > 
portions, as to depth and top and bottom diameters, seldom v<iiy 
finm those here shown. A small sheet-iron fan d is placed m tin 
rear of the walLMd is connected to the tnyore-pipo by a 100^.0 
leather pipe, hwfnig SQ icott ring at the end, which is slipped on 
and off the tnyere-pipe as requiied, being seenred in place by a 
twist of iron wh». 

The fan is generally driven bgr ttannal labour fiom a larg(‘ 
wheel with wiiudi handles and dn endless bond^ A high speed 
800 to 1000 rsvbintioiis per mlnstte^ is nsaal, ss n strong blast is 

> ^ which this appanittaS It se|t to wcn^^c is as follows — 

SU^Mble € fi|^y wa^ed, anS tSies lined with clay in the 
liwwij^nnp Inlllbidinaty foundry ladles 
lil^wMl bdotyuPRw np om all'esiind, save at the 

one j^lnl tayere-^pe onteinji|^is,lsli A fire of haid 

coal is then !kM<fed in the lo Hiy jthsJ8)V9|t, The town 1 
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is also lined in ft toll of cbijr is formed round its 

lower edge, where it to r^i^gOta tto top of the eracible ; 
thisi8dnedbjbda^^l^^fiv0t'^^^’^'&et'<av^i^ 

When the lining! jiRi®^tig^33j'|E^;|he fflTOibi%1i»ith the §re 
still in it, is placed posi^^;,'!eo ihai 

conies exactly oppraite ^.%acant point laft ia the ^t^Jn ioky 
round the tip of the.,<arQi^^^i^^';it»>|tVO^^ 

uponabedofwell^Miimed'Band, ,,' ,' 'T' 

Tlio tower placed upon the crticible, the ^gei'^l iBis 

o|)cu portion beiiig m close contact with the wall; these ed^ ape 
clay-luted to tht^ wall &ce, jtnd the lower edge of tiie ioww iA also 
luted to the upper edge of the crucible. Dr7 ssitd is next piled 
u]> round the outside of the apparatus, more fuel is thrown in at • 
the top of the tower, and a gentle blast iS hept on, until the fuel 
is in a bright glow, when charging commences, and is carried on 
in a similar way to charging a cupola. ^ "* 

The tuyere-pipe is so arranged that by a few simple wedges its 
angle can be materially. changed; when the first blast k put on^t < 
is generally directed horizontally across the top of the crucible, but 
when the fuel is thoroughly ignited the blast is tamed do^baore 
ilirectly towards the !bo^<w cf. the crucible; if the fhel employed 
I >e raw coal, and not cok% the blas^^ directed towards the centre 
of the bottom of the ctu<dble. . 

When the metal k’ the sand k nwwhd away from 

around the calebasse do^ tb' the fioor kvel, the lats^ Joint bOtwetm . 
the tower and the crikll^'k bri^en, and thei^tokor'k lifted iM 
means of an iron bar passed through eyer^ ItS' t^ .!^fi finel y 


falls out of the 1 
top of the fluid ) 
a wooden tool, i 
is lifted from 1 
to the monldina 
contents of th<^ 
lined with clay’' 
ill charging i^e| 
first, and the lig| 
The amoun|| 


I bas.also.i 


'bnic^e,'!wi^i ' 


i’.-'lrtrtiy 
■The 
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^ put in 
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tion is l^erned by tie capteily of ^litncible, and varies 

Irom a fe^ir to hfdf a ton. , , 

^ Oid|liii% loam is found to be ^nite t^^^ry enough for the 
luting, ironly exposed great It short time. 

'33ie apparatus shown is capable of ^i^Ucing 5cwt. of metal 
, ^t.^lt oi^atioD;, the time occupied b^g'ltbrat an hour, when the 
.'jmetal s^uld be white>hot and liquid^ if suitable pig and 
scrap liate :b^ employed. 

l^e'^fibaSse brings down tbe metal rapidly, and extremely 
hot ai^. liquid, which is exactly what is required. in the production 
of small fine castings. It is also stated that i^llcial qualities of 
iron can hch’ obtained with more certainty from the calebasse tlian 
from a cupola.' Another advantage is that three or four meltings 
per day can be obtained from the same apparatus. 

* Where fine eastings are required, good coke, first-class pig, and 
best scrap iron only must be used ; but, in many instances, where 
,^'the quality of the metal is only of secondary importance, raw coai, 
as being cheaper than coke, and inferior scrap may be employed, 
/rhe coal should he as free from sulphur as possible, bard, and not 
inclined to cake. 
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TBi: ISEVERBkBlTOBX QE AIR FDEKAOE. ^ 


'I'he great advantage of this description of furnace is that be 
easily applied to a variety of different uses, with slight modifieatioiis 
in construction. 

The reverb^tory furnace was at one time largely used for the 
fusion of cast iron for fouudry purposes, although it has, to a great 
extent, been superseded by the cupola. 

As an oxidising furnace it is employed in the puddling of iron, 
and for producing litharge from lead. As a deoxidising furilace 
it is employed in the production of lead and copper. It is also 
liequently used for calcining substances which afterwards have to 
be pulverised, such as flints, &c. 

Although the cupola has of late years almost entirely superseded 
reverberatory furnaces, there are several points in favour of the 
latter which must not lost , sight of. The cupola is un- 
doubtedly the cheaper and more generally convenient form of 
furnace, but where it is wished to turn out specially good work, 


and to obtain a perfectly fluid and uniform metal, ihe reverberatory 
furnace is preferable. , . , 

The deoxidating flame ot the reverberatory furnace is supposed 


to improve the 
combined carbqa||i 
with an excess 'SPS 
It is a gener^y 
iron, castings from 
the cupola. 

For the general 
regretted that the 
fast disappearing. 

In two othe^r r 


iron; by addmg somewhEt to the amount of 
IxUtmnSi whereas the cupola^ as usually worked, 
f)is au 03 fid'ising furnace . . 
admitted fac^ taking; the Sama quality of 
th^,reyerh«»t(^y, from 

ehaiE^* is to 

.x' 

espects^ advantages 
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^(fotibn, in the revteb«k^i^»^'wA tii^tly oxidising 
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Thig -Jftttet action is sel^i^ of iiy -^ractii^ for pig iron 

inucli va?7 indifiTorent castings, and 

Ppliuration ia Bo unpt^foct and unreliable, that it is usually 
far clipper apd more Cjertain in working to obtain a good pig iron 
at the outsat ' , ’;;y y ;J’. * . 

The foilowxrig are generally the circumstaniA; under which it 
may be considered advisable to use the reverberatory furnace in 
preference to &e cnppla 

When there are no means for obtaining sufficient blast for a 
cupola; . 

When it is nocesssary to melt down such large masses of metal 
as cannot be managed in the cupola ; 

When it is required to bring a given pig iron, by deoxidation, 
to its highest point of tensile resistance, as for gun founding ; 

When it is necessary to erect a foundry under circumstances 
whei^ a cupola, with blast could h6t built or worked ; as, tor 
example, in a lonely colony, a besie^d town, or such other 
exceptional conditions. 

Uuder most other dreumstan^^ the' cupola is to be preferred, 
^ meW nor fuel, except 

[ on from day to day on a 
|tiel is cheap. 

of an air- 
:iuired to bo 
for pueh n 
fO.aupply of air 
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the quantity of metal ^ of the fuel to be 

employed, and the speed at Wlu€& to work. 

3. The regulations for the air, fequiro considerable 

attention. The supply Doiust ;:^^y suffici^^ in quantity to 
consume the required amount of must ilow through tlie 

fuel onwards to the chimn^ Au|\at -ii which 

V(ilocity must be well within cohtroj, upon it principally depends 
the “ reverberatory ” action of 'the furnace. 

It is obvious that if the air ^tered the fumaco in n quiet 
current it would pursue the even teUor of its way, without 
into violent contact with either the roof or the bed of the furnace ; 
this would greatly hinder the fusion, of the ineial. , ; 

Assuming (what is probably correct) &at the hottest part of the 
current is the central stratum of the air and flame, thecui^e of the 
rouf and the position of the bridge at the back of the grate must 
1)0 such that, wdth a known velocity of air, the flame will impinge 
against the roof in such a manner as to l^e directly deflected upon 
the metal on the bed of the furnace. If the velocity of the air be. 
loo great for the shape of the furnace; it will probably be, deflected 
earlier in its process than is required. 

Figs. 54 and 55 are somewhat exaggerated diagrams of the 
evils to be expected either from too slow a current, as in Fig* 65, or 
from too rapid a current, as in Fig. 54. 

From these sketches it will be seen that the proper direction of 
the heat depends very much upon the velocity of the current of the 
air through the furnace. 

If too large a Supply of air/is admitted, either fuel will be 
wasied, or (what amounts to, the same thing) the furnace and ite 
contents will be cooled. ' 


Gold air rigidly kept out of the furnace, and any 

cracks or iissure^l^ieh might admit cold air must carefully 
stopped up. ‘ /' , 

Flaming fuel, such ^ biten^dnous^^;^ ^apted for the 

air-furnace, except whfeh 

system. ' ; ' \ ‘ , 

Upon the nature of Ihe luoc^ss of 

Oio reverberatory fnmt^ ,gOM' . flaniel driven 

through the fnrfLace" hr . h - In **nroDer . direc- 
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tion, and to the proper r^on of the farnacOy. will give excellent 
results. 

Where solid fuel is employ^ that whidi gives off plenty of 
^Oibustible gas is preferable. 

' Wood is not a good fuel, but if it is to be employed the furnace 
niuBt have a long flame-bed, "and be Ibw in the arch. Tolerably 
hard, long-flaming bituminous coal, which does not cake in the 
furnace, is the best kind of fueL 

Hard coal or coke may te used, but are not so good as bitumi- 
nous coal The disqualification arises partly from their incom- 
bustible nature, but chiefly on ^account of the mass of fine ashes 



SjOifiJL* 
'Fig. 54. 



4W, 

Fig, <55. . 


which is carried over froa the fireplace to the hearth, covering the 
melted iron and preventing its absorption '-Tlus evil ia 

more apparent in the hse of ■ anthracite Ihslt^w coke. Wood, 
jaiticularly green vrood, is not at, i^. qnalifi^ for ase in Iho 
/reverberatory; if no mine^ coal can be obtained, charcoal is to 
he substitoted for it. ' ' 

/ .|Aost oth».^ds of fuel are ^lg4!^iDnable,..^reqniring constant 
attehl^ oh' part of the fomt^inan; intber to feed the fire, to 
remove (dipkcis, or to break “tip the. fne^ all operations requiring 
the fnrnacie^' he opened^4nd:tbaa aUoiif ^ ij^cptrance of cold 
air, which Ib mcst objeet^lpis/ % 
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To meet this difficulty, many plans of self-feeding hoppers, ic., 
have been advocated, but the difficulty slilb appears to be to pro- 
perly regulate the fire, so. as to consume the fuel^^ith the best 
result in time and labour, without allowing the ingress of cold air 
whilst such arrangements are being made, bearing in mind the 
fact that the operations inside the furnace require continual super- 
vision, as they are continually varying in their nature and effisets. 

It is important that the fnmaoe should be connected with a 
chimney which will give a powerful draught, to which end it 
should be lofty, and about equal in area to the grate sm*faoe of tho 
luriiacG it draws from. 

The arrangement of the grate and fire-bars is governed to a 
great extent by the nature of the fuel to be, employed. Assuming 
iliat 25 lbs. of coal wil|;be burnt per hour for every square foot of 
grate surfiice, ample space must be left between the fire-bars to 
a low of the passage of sufficient air to support such a combustion, 
niuiiely, about 230 cubic feet of air for each pound of coal bnmt in 
the furnace, i.e. fully 50 per cent, more than the theoretical volnme 
required as stated in pages 75 and 155. 

Turf and peat are occasionally useful for heating drying stoves, 
drying ladles, &c., or for the production of steam power, but for 
most other purposes they are almost worthless. 

Turf gas has been employed in Germany for reverberatories, 
hut where gas from any better fuel is at all obtainable this will 
never be used. 

Pit coal is not only the best solid fuel to be used in the 
reverberatory, but also gives oflT the best gases, should it be 
intended to heat the reverberatory with gas from a gas-producer. 
In the latter case, when the furnace becomes a magnified gas 
blowpipe, it is necessary that the air and gas fed into the fornace 
should bo at a high temperature. Hence the impottance of the 
Siemens regenerative furnaces, whii^ ptovide the necessary heat 
lor gas and air; or the- air alone may be healed before admission 
into the combustion chaipher, by being p^is^' through beating 
stoves, or pipes. . \ 

In the construction of th^ fupiieMses^ 
materials should be employed, and iz^ all parts which are exposed 
to great heat cate be b^en iq- select' fire-bricl^ and clay 
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whose &ce as not to horve an injariona chnmioil 

action'npi;^^e^ iptetal to he melted. The gmt stroins brought 
n^n . St nrhieh is. w^ked .snhh 'a Hgli temperatnro 

n^eiaiiyd' iti the selectida ^ employed, and skill 
in d^gn. and oonstraction.' If the fornace should fail, it will 
^rohaldy do w at the time when it is at its greatest heut, with a 
quantity of molten met^ and homing fii^, which would be 
scattered around Hllii^ the workmen and. probably destroying 
the foundry. 

The furnace shoiiH.tl^refiiire be cased. with strong iron plates 
and tie-ro^, and this ca^g'-V»y^nng all .the brickwork of the 
iurnace, all ingress for (ul^^air’isi stopped. 

The ooni^uction of ad m .furnace suitable for the fusion of 
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cast iron, coppe^t, btonsei-or brass, when it is desired to economino 
the waste heat passing fhon a< ettpolav is shown in Fig. 56, in 
which / is the entrance for .the . (dr h.eut^ by contact with tb(' 
flame, dsc., from the ix^df 'niip^ si pbji^OU .of which is directed 
so that it passes through thp.fa^ ^.' ^he bq flames and 

jnoducts of combustion are .tht^^j^i^. npwaids, so that they 
ifhpmge upon the crown of lhi^.faij^#<^),|»m , which they are again 
j^eflecti^, M in^^M by tbeidolM li^%(^.%wn npbn the metal 
. lining on., the SoW'at the point' 4unced‘ to obtain the 
is the e the sole 

df,»re^fall .coveriM, over arch, whicli 

is usual^tj^^ed Dver bo^' ftoB^.^e d is 

the ^oe ho ,<44ii|imy ; 0 the fluid 
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melal is run away,jat np with a fire-clay 

jilug; FD, the door fa^i^^ging the hearth a; M D 

tlio metal-charging door'^^y^ sight-lwles hsa al^’ -necessary for 
examining the progtem « ’tnlhout ^mitling cold air to' 

outer; a damper al^foTrOgtildtipig’&e.d'rahghijiili^^ 
lo escape the greater h^te Of the fomecie. . / . 

AVhere the air neqessary'to support combto^oh will be Meetly 
supplied from the atiposphera, it must be ip through the 
l'iu‘l so as not tO come indiij^'eontaetwitlli the' furnace, - 

or of the metal to be meltedv 

The principle of the rermberatory furnace is 'so to deflect, or 
direct, the currents of flame and hieated air that they may ex^ 
their most intense power np^ the metal lying on the bed of the 
liinmcc, in which respect the air-futuacO somewhat resembles the 
oc.iiou of the blowpipe, with which the greatest concentration of 
heat on a certain body can be efiected in the least time. 

'I'hc tire-bars should be of good wrought iron, although hard 
wliito cast-iron bars ^ frequently used. .The area of tl»e vertical 
crcss-sectic^of the m^ace over the bridge must be conriderably 
less than tnl area of the air-passage of the grate. . 

Fig, 57 shows the longitudinal and horizontal sectidns, giving 
also the principal dimensions of a reverberatory or air furnace, used 
tor collecting molten cast iron in large quantities up to S5 tons, and 
niiiintaining it suflSciently hot by burning fuel in the grate shown, 
iho molten metal being previously melted in a cupola, and run ofl 
into the air furnace at intervals along a suitably protected metal 
condnetor or runner. As already stated, this fumaSo was only pnt 
in operation for collecting metal in the case of specially large 
castings, only a small proportion of pig iron, being 

clmrgcd direct, these pigs teing placed ^,;!tbo|uglf|8t pdip^ the, 
bed, so as to be acted upon hy^^ flamb j^er thb jbridga 

The hearth, it will be,;iBew,'^opffl,,d<^ :^(|^i^ M. to form a 

husin for the’ accumnlatiop !^®..:®barge of 

jiig iron should be placed m neposaa^, so as 

to insure as far as possible’ll^ the 

charge still solid, shall, ba abovs'l^ci ^4 
metal, and thusbe still.expi^ 'l^, the 4*^ ac^<m i4 
which it is ‘ It » true 
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tliat a poriion ci£ ibe obaisge at the. ebd be melted by Ixniip: 
submerged, I q tiie': metel\h:eady run but- the efTect of tliis 
latter pRx^ss iicould be at the expenee ii^ilhe heat from the molten 
ODiet^ <irhieh is dulled or coofed accordingly. , It should also lie 
G^bsitTved that; by reason of the low condt^cti^fy of molten metal, 
only A,' small percentage of the heat' of tdie dame or gases passing 
over the, surface di the molten metal would be conducted down, so 
that to melt solid pig itcoKjr.'smp when submerged would 
be a Teiy 6^w..a^ expensiye process. ’ It will bp seen, then, that 
to melt.pig inm- W*holly or partly itom the solid condition in an uir 
furnace, it dbould be reduced to a suitably liquid form first, by 
reason of wbjch it runs down and fills the basin formed to receive 
it This can only ho>eOTried ont by charging the pigs and scruii 
at the highest point, and this ' fixes the position of charging doer 
0 D as shown. The bed or hearth at the charging door, it will 
seen, is less inclined, in order that the charge may not slide down 
until it has reached the molten condition. The opening F, wbicli 
leads the gases to the main fine or chimn^ is of course liigber 
than the slag runner S B, which latter corr^onds tc^|||lie highest 
possible leypl of molten metal, just as in the ordinary cupola. The 
metal runner M B is also similar in every respect to that in the 
ordinary cupola. The brickwork should be surrounded with metal 
plates M P,. as in a cupola, but the air furnace having fiat sides, 
it is necessary to have these additionally supported by means of 
binders B and tie-rods T B indicated. 

A damper on the top of the stack is useful to regulate the 
draught. The furnace should be very thick in the walls, so as to 
be as bad a oDuductor .of heat as possible. Too much attention 
cannot be paid to the jtfinbt ia the brickwork ; and openings which 
might admit air are to be'cfM^lly stopped up, or the iron is liable 
Ip a loss of carbpQ, jtpdi tHll make, i!i|”c6nseqnence, hard and britth; 
^rtings. 

. Such impurities as adhere, to and wlxich will not 

' melt remain at the top of the imd iimy be removed after 

thelt^t; Thus the melted iron ^'|^t}fied to a l<^ge extent. I'he 
hi»t;;p|^^ t^iinace is genmn^'^ ppwf the flue, and the 

metted 'ipy fe therefore expqs^ of Uiu 
lurnace. ’V''. 
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When a cast is to be xpade.at a certain time, the reyerberatory 
is heated for some hcmirs previoi^y.^ a brisk fire. When the 
furnace is whito-hot the charging dobr is opened, and the pig iron; 
is placed in its proper position on tW sole^ due care being taken 
in stacking the nietal;'Bs will be despribed, the nio^ft ^ily fusible 
portions being first charged and put at the botlom the heap. 
T]je whole quantity of iron which it is desired melt at one heat 
mu^ljbe charged at the same time, as it is not eonside!^ advisable 
to add cold iron to that which is already melted. All con- 

tained in a liquid form m the basin is to be tapped before any fresh 
])ig can bo charged. When all the iron contained in the furnace, 
is moiled, the tap-hole is ojpened with a sharp crowbar, and the 
]ii|ui<i inm is either led into pots or directly into the mould. The 
ta])-]iolo is stopped with damp sand, or a mixture of loam and coal- 
dust. 'riie fire-grate must also be well attended to, and kept well 
hllod with coal, but not too high, so as ^'impair the draught of 
air tlirough the fuel. The grate should be^kept free from clinkers, 
and Ihe formation of holes where unburnt air could enter the 
furnace must be prevented. 

Tile charging door is generally a fire block hung in an iron 
fVauio, which is raised and lowered by a lever, having a balance 
w(‘ight. The metal to be melted should be broken to a uniform 
size as far as possible, and on placing it in the furnace, the smallest 
])ie(:es should be piled lowest, the larger ones on the top, as the ' 
li(}at of the flame is there more intense (which is what is required 
lor the larger lumps of metal) ; and a similar plan must be adopted 
with regard to the melting of various qualities of metal, the most 
easily fusible being placed lowest in the furnace. Pud should be 
l('d in I’requently, and it must be done quickly.'; 

When sufficient molten metal has accumulated iu the pool of 
the furnace, it is tapped off. The chimney damper is first dosed ; 
the metal is then run into a ladle or is, run aWg pWe^itou shoots 
covered with loam, to' the mould/ being the dam- 

plate, and by men, as it fiCfwialohg, w info; a pod of the 

furnace, the slag'^being into the 

moulds. v’ O’ 'v 

Tho furnace is then c^ted any repairs 

executed bitoe ft is iBgain been 
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considerate^ U 4nU be necessai^ tp. maka the furnace wliiio'liot 
before agaia charging it for use. 

vj: The reVerberatory furnace is not ojaly used for melting iron, 
l^ut is also ^ployed for the melting of large qtiantities of brass, 
bronze, tin, lead, and other alloys hiid Large bells, statues, 

machine frames, and similar objecte, axe cast from the reverberatory 
furnace. All metals, except very grey fuiblo iron (which may be 
oast from a, pt) are to be run in dry sand ditches, directlj||^rom 
the furnactfinto the mould. 

fig. 58 shows longitudiiial, transverse and horizontal sections 
of a reverberatory or air furnace capable of melting and collecting 
up to 12 tons of gun-metal, the general construction and other 
I)articular8 of which are the same as described in the previous 
example of an air furnace used for cast or pig iron. 

Before proceeding to charge such a furnace with copper, (tc., 
it is first raised to its^ormal working heat. This takes about 
2i hours from the tinSe the fire was lit up, and consurin^s about 
10 cwt. of hand-picked splint coal during the time stated. The 
furnace being now ready for melting, the metal is added as fol- 
lows through the charging door, C D — 


First cliarge of copper, &o. 40 cwt 

Beoond „ 85 „ 

Third „ S5 „ 


and BO on until the required quantity of molten metal is obtained 
An internal averaging about U hours between each cliarge indi- 
cates also the rate at which the furnace illustrated is capable of 
melting ; so that to reduce the maximum capacity of 12 tons will 
take fully lU hours^ for which purpose 4^ tons of hand-picked splint 
coal is consumed, in addition to that used for heating np before 
commencing to charge. The consumption of fuel, therefore, is 
approximately 7^ cwt. per ton of copper melted, not including that 
0 ^ for heating up the furnace. With the latter quantity in- 
Idi^ed, thjS average consumption fuel is approximately cwt. 
^er toil of .biKmze or copper compo^iwn melted, taking a whole 

■' composition of metal^^deinr^ requires the addition of 

dther< !&>i^ ^ the cqppor, sneh as tin, B|ielter or ranc, &c., the 
latter in^ls added to '&e ‘^vidu^ melt^ throngl. 
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tlio ojvuling S R, after wliJeh tbe whole ^th of molten metil 
is stirred up by means of a tor itisert^ through tlie same 
Jiole S R. This is necessary ^o ensure a umfoifm oompositiou ot 
tho motal throughout the cAsMhgs prtonoed. ^ 

111 the brass foundry where tlia foregoing furnace is at work 
it is a common thing to produce phosphor bronse castings up to 
20 tons weight, in. which case an additional air furnace is required 
i'or melting the metal. It will be seen, therefore, that to be tho- 
roughly equipped for heavy work, more than one air furnace is 
requiied. For convenience, however, it is usual to'have one smaller 
ilniii the other, either of which alone may often be sufficient, 
according to the requirements, 

Wlien an air furnace melting gun-metal or other compositions 
of copper is tapped at M K, it is usual to run off all the metal 
melted until the slag begins to come, then it is lime to open the 
slag-hole, usually placed at the opposite side from the tapping-hole, 
so that it may be conveniently exposed in the yard. The tapping- 
holo in a brass furnace is much larger than that lor cast iron, owing 
lo the difference in liquidity, which makes the copper (composi- 
tions run more slowly, and requires greater freedom.if The larger 
tapping-hole is therefore more difficult to stop np. This, however, 
is seddom attempted, as in cupola practice, wliere the furnace is 
tapped and plugged up again and again, even for comparatively 
small quantities of molten iron. 

Ill order to avoid excessive waste of metal by oxidisation, it is 
iie#ssfiry to keep both furnace and charging doors shut and fitting 
clo.sely. When this is properly done, and the fire is in suitable 
condition, the flame passing over the fire-bridge, as seen through a 
small hole in the charging door, will appear smoky, which indi- 
cates that the gases contain a very small proportion of free oxygen. 
Under tlicse conditions, however, it is difficult to observe how the 
meltiiig process is progressing. To clear up the interior for a 
])roi)er inspection, all that is requii^ .is, tp open the furnace door 
slightly for the admission of the fuel, the bxygen of which 

l omhines with the otherwil^||p^n&umed particles ^which caused 
ilie smoky appearance), wi^ me desired result, so that it is now 
clear to observe and decrid^, Vheu the additional charge, 

louring the insp^tion and operations the excess of cold 
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air passuig d^ded cooling effect, uii'l 

at thja 1]^,. oxidation, and must 

.thecci^' lio ioH in the possible. 

the melting gqn-mctal or 

other] oompooads of oop|ieir Ui .au air fiihuus^ is derived in much 
theeame.manQ^‘t^ that dasmiW uy relation to slag formation 
in a cBpts^ melting, pig iron ; .tlie silicon being in this case 
derived ohieflj iroia the Imch lining of the am furnace, the acid 
properties of vrhiph .cause ..rt '.fo combine readily with the oxides 
of copper, iin; 4$fO,, '^smh may he present, thns forming 
a fusible slag. It..i8. all t]^ more desirable to avoid oxidation, 
owing to the etn:mg. ,tP>ideu<sy of molten copper to absorb oxide of 
copper, the effm^t of which is to make the metal brittle and cold- 
short. 


f 
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fig. 59 shows ^he seet^ of an air furnace in which the ro<||iB 
so constructed as to d^fiem the heat on the bed of the furnace in 
two places; by vthinh arrang^ent a larger area of metal is achtd 
upon, and hsat is mxmom&ed. . 

Tn cases of furna^s Ijw l^onze, it is sotbetimes necc.s- 

saiy to build them. wi% doors, to permit of the 

int^Qction of heavy massif ' .T . ' 

''Fig. (10 shours the horixontipj^^^|Vertieal sections of a brass 
iuxnaeo thw^mtdnged, whii^'^jiKlt^oa , however, be 

adopted, .for;, the fusiou of oast is a. large charging 

diW jat.lhe.end n^ the ohimn!^. dogr is lor tapping. 

' isadtiugi m shorter 

fiaim^^bsd' .^'C^.nsed for 
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Bessemer’s pate^ .con^n . sereral sag^tions wHoh seem 
ailiuirubly adapted for Ia ' fresb poi(it of departure for 

w5icutific furnace bnildio|j;, .The original , 1-868 . speMflcation is 
Dio.st comprehensive in its claims^ 'i)^ tb0;|Dia^ may .be 

indicated as the construction of fitrusui^ for fusing' difficultly 
fnsihle varieties of iron and steel, riveted boiler 

plate or cast iron, lined mth plumbago, dte^brich, or guinister, in 
which, by supplying air through tuyeres at a vary h%h pressure — 
from 2 to 6 lbs. in excess of that it is intend tb in the 




furnace, while the products of combus^i^ilito onl^ esbape through 
contracted openings, iof wliich tiie araa' iriO'be reduced or milarged 
at will by the insertion of ijdioppeca^:^ OofobUSti^ products ere 
kept from expanding fr^y?„ ^,'-prea&^ to^^/ii^tained in 
llic furnace is always to M^felsast 1 % ^^axb^t^ l^t of the 
attii03])bere, and may com- 
bustion in fornaces .pf as wellji 

as solid fuel, under high 

proper for each inodifi^^-^llc^^^P|^^4et^ fpr' the construe- 
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tion of Guppla, reverberatory, and ^ber descriptions of furnaces, 
suitable for ibe application of *‘high-pressiire **' combustion, an; 
some of the points embraced in the 'i|>eciGcation. The design of 
feediik^^doors, so arranged that the fuel and metal may be iutio- 
duced without permitting the escape of the heated gases, and tlio 
application of water-cooling to the escape orifice, are instancx^s of 
practical difficulties ingeniously overcome. In subsequent pntcmi-H 
it is proposed to employ cupola and reverberatory iurnact^s but 
slightly diffejing'froih the Ordinary construction, except tluit they 
are enclosed in strong iron chambers. This ^external or working 
chamber is supplied with air at a great pressure, and the luriuico 
draws its supply of air frpm the reservoir; the pressure is main- 
tained in the combustion space by contracting the furnace month. 

Another proposed application of the high-pressure system is to 
the Bessemer converter, Bessemer has, of course, special claims 
to he heard when he proposes any modification of the process with 
which his name is identified, but the advantages of this application 
are perhaps hardly so considerable as he estimates them to be. It 
is well known that certain varieties of hematite and Swldisli i>ig 
are, from a deficiency in carbon or silicon, the cause of great tronl)]o 
in the converter, owing to their not blowing hot enough, with the 
result of leaving ‘‘skulls” of solidified steel in the converter — a 
h^bly objectionable result, as need hardly be said. In order to 
increase the heat of the blow in these cases, and to enable stool 
and other scrap to be melted down in the converter, and also to 
facilitate the decarburation of iron by means of nitrates — a process 
in wbkih it is difficult to maintain the melted mjtital at a sufficiently 
. ^ high temperature— the mv^tor. of the pneumatic process now 
proposes to^||f>nduct the operation under pressure. ’lo efloct 
this he either makes of the coiiverter of very contracted 

dimensions, or provides it with a movable conical stopper by wliicli 
the dimensions of the orifice may be regulated at pleasure, Tii(3 
body of the converter is made of extril' strength, and the blast suj)- 
plied at a pr^sure very c?onsiderahl^in excess of that ordinarily 
used in jttci^ss, so that the .ga^^j^ftay be’ retained at a prcBSSTire 
§consid6r^i^T|^;|Q ^oess of that of tl^ atmosphere. By this means 
he the tempOTatu^^.the n^etal^in the converter 

to a V:>' '''"v" - ^ 
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In 0]4<^^''.9llQstrate Ute mode in 'which it is proposed to 
cairj ilt^^^rai&^.'intD effeef, sections of the furnaces are giv<'n in 
FV shows a longitudi^ and cross vertical 
jOf nsvi^beratory fninace. To facilitate re-linin*;, 
'R m&7 he removed from the rest on a truck, 
completed it is replaced, and fixed iii 
pom^n by bolting together the flanges i, e, g, h. The cover of 
the ^a];g|ii||;'j^ple is^e h^t in position by air or steam pressure on 
a pillion, .#inli^ in<:^ cylinder t, actuating the lever y. / 



Vm. 62 . 


The metal is charged mto the furnace through strong circular 
side doors m. . 

Fig. 62 represfflats ji^lgh-pressnre crucible famaco built of 
riveted plates,- with a 'i^a03gj lining. Four openings J, in the 
dome, ellow^f ^e introduction of twelve cmdbles and the required 
fu^ charge. ..'^ese openings are closed by an iron plate fitting 
iatd’,e’eonapal .^t, on which it .'i^he screwed down by the bar 
ftni|,jw»^,, ,;P^ fire-clay stopper seryes to protect the iron cover 
heat of furnace^' , The combnstion products 


ORUGIBLE FUBNA^ WITH AIR UNDER HIGH PRESSURE. iSf) 

It is somewhat remarkable that no attempt has been made 
oil the large scale to put the idea of high-pressure furnaces to a 
practical test, especially as the prestige of their inrentor might 
naturally be expected to predispose practical men in tfceir favour. 

I 'xperience alone can prove if the economical advantages to be 
(lerivod from intensity of temperature in certain metallnrgical 
o])iTations will outweigh the additional cost pf :&e. plant and blast 
]>owor by which the intensity of temperature is sought to be ob- 
tained on the high-pressure system. It is stated, however, thaf 
in a very small furnace burn^g^ coke, with aa^l^yerage internal 
]>ressure of 15 to 16 lbs. over that of the atmdsphere, 3 ewi of 
wroiiglit iron (engineers* scrap) put in cold, was fused into a liquid 
bath in less than fifteen minutes. As a somewhat comparable 
result may be instanced the fact that it takes twelve r^itftea* 
immersion in the bath of pig, after ten minutes* exposur^Rbi the 
hank in a Siemens furnace, to melt a somewhat larger quantity of 
S-inch cubes of wrought iron. How sensibly immersion in melted 
cast iron accelerates the fusion of wrought iron is well known. In 
another instance a 12-iacb length of 2-inch square bar iron was 
reduced to perfect fluidity in five minutes. 
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CHAPTEB VII 

MAXIMUM TEMP^ATUBES, MEASU^S OF HEAT, THERMOMETERS 
ANP PY^^ETEBS. 

In nearly all the processes connected with metals and their alloys , 
cons'tant reference is made to the temperatures at which certain 
operalliDS have to be performea, ft will therefore be interesting 
to observe in detail some of tbe conditions which limit the degree 
of temperatiye attainable by combustion of fuel (carbon) in the 
manner detailed in examples 1 to 5, page 73. 

During the process of combustion the resultant gaseous pro- 
ducts in passing off carry with them the total heat, whicli is sub- 
setiuently distributed throughout t|»e various adjacent substauces 
by conduction and radiation^ until tbe said products reach the 
|E|||tol temperature of the surrounding atmosphere. If the total 
^undeveloped is entirely absorbed in the first place by the pro- 
ducts of combustion, then tlie theoretical maximum temperature 
which it is possible to obtain from any particular form of fuel will 
depend on the Weight and specific heat of their respective products. 

The temperatures obtainable having an important bearing on 
the choice of a fuel, the following calculations will be found both 
useful and instructive : — 

1. Keqiiired the maximum theoretical temperature by the 
complete combustion of carbon in oxygen to form carbonic acid 
(CO 2 ). In such calculations it is necessary to deal with some 
fixed weight of fuel, one pound weight being adopted here, in 
order to .make use of the various other figures and tables given. 
In thb previous example it is stated that the product of complete 
combustion is carbonic acid (CO 2 ) weighing 3*69 lbs;, i.a carbon 
1 lb., and oxygen 2 6G lbj5^i^:;The amount of hA*t absorbed by 
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thc.% products (CD,) for each dogree Fahr. rise in temperatnre, 
is obtained as folloira 

Pmt f ictt. 

Carlson 4- Oxygen Cwbonio acid (COj) X Sp. lieftt 

(1 lb. + 2 CO lbs,) = 8-CC lb«. X *216^ *792 B.T.U's. 

The total heat of ioombnstion, as already stated ssi 14,500 
B.T.U’s. Therefore the total rise in the temperature of these 
] trod acts, before they can have absorbed the total heat, is ascertained 
as Ibllows:— 

Total heat due to combustion of I lb. Carbon to 00, 

'I’olal heat required tolraise the^tempemturiTof the~prodacts CO, Fahr^ 

B.T.U’s. 

“ •TlFiB.f.U’s. * 

Deg. Fftbr. 


Thnt is, total rise in temperature is 18,808 

Adding the initial temperature, say C2 


Therefore the maximum temperature obtainable iB .• .. 18,870 


‘J. Eequired the maximurCi theoretical temperature by the 
complete combustion of carbon vrith air. In this example the 
])rodncts contain free nitrogen in addition to carbonic acid, and 
llu^eCore represents more nearly what takes place in ordinary 
l)Kictice. And the heat equation will now be as follows : — 

Sp'cillo Tlicnnal 
I*roduct8. Ileat Units, 


Carbon = 1-00 lb. (Carhonic acid (CO,) 3-C6 X -2164 
Ox, gen =2-GC „ = Nitrogen (N) X *2440 

Nitiogen = 81)4 „ products 12-G.) (CO, + N) 



2 078 


As in the previous example, the total heat developed is 14,500 
B.T.U’s. ; but in this example the increased volume and weight 
of products (due to the presence of nitrogen from the air) require 
2 97d B.T.U’s, to raise their temperature me degree Fahr, 

The maximum temperature obtainable is therefore much less, 
and is derived as follows : — 

'PotaMieat of combustion of Carbon to CO, in air 
TVtal heat required to raise the toinpexaturo of pi'^uctsT® ralur. 

14,500 B.T.U*8. 

® "2 *WKTUV • 

Dog. Ffthr, 

Thnt is, the total rise in iem()eraturo ia •« •• «• •• •• 4877 

AdtUnii’nl tempcratincof air, jBuy ^ .. ^ *» 62 

Therefore the muximuni tcmpcr^U^^^lll^ •• •• 4939 
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3. lUqiiirscl the naxiinnm iheorsti^ ^speratnie when 
is pintially oossoaied in ait jbp iiHriiii cfttbonio oxide (GO). 
The heat eqnaluHi is as foUowB 

W«igbt Specific Thorr' 

^ ‘ ' PndnotB. ,, . InllM. Heat Unit . 


Casrboii ss 1*00 lb. 
Oxygen s 1*113 n 
Kit3X)geh 3= 4*47 


Carbonic oxide (00^:. 2*38 X ‘2479 
KitzDgeu(N} i*i7,X *244 

Total products 6*80 (GO+N) 


*6770 

1*0900 


l-6(;82 


Therefore total rise in teperatnre 


total heat of oombu^tion to GO 
1*6682 


J409^.T.U'^ 

® l-era2 RT.O’a.' 

That is, total rise in temperature is 
Add normal temperature, bay .. .• .. 


Dep;. Faht. 
2(;43 
62 


Therefore the tuaximutn temperature is 


2706 


4. Eequired the maximum temperature when carbonic* oxide 
(CO) free from nitrogen is burnt in air to form carbonic acid 
(CO,). 


Heat Equatioe. 

' A '' ' 


Ca^xiio rOarbon s£ 1*00 lb/ 
^de \Oxyg6n ss 1 *33 „ 
Air for rOxygen as 1*33 „ 
oombustionlNitrogen = 4*47 „ , 


Products. 

Carbonic acid (COg) 
Nitrogen (N) 

Total products 


Weight Specific Thfrmai 
in lbs. Heat. UnitK 
3"66 X *21 ^i4 = -702 
4*47 X *2440 =1-0'J0(; 


8*13 (COg4*N) =l‘8S2r, 


, .... Total heat (Example 2, page 70) 

Therefore maximum nse in tempemtare 1^8826 

10,091 RT.U’a 
il520:T.iri;‘ 

nBB.Fahr. 

That is, maximum rise In temperatme is •• •• •« ' «• ^360 
"Add nonual temperature, say .. «« m #• 02 

Thereibre maximum temperataxe Is U «« ■ ^ 

a. -]aeqtiited the maximum temptfatiire when -cathonic oxide 
(CO) burnt jn air to fonn carb^ acid (COj^ nitrogen. 
The carbonk oxide in this Qa^m^le dedr^ ia en.i^cdinar; 
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gas producer with air blast, it therefore cwitains in addition an 
anumiit of {ffie nitipgen, by. reason pi which tlie weight or volume 
of tlie products isV correspondingly increased, so ^t the heat 
equation is now as follows:— . - ' 


I'pKlucer Combining 
<i)t8. Kb'mentB. 

Cn r I )onic j Carbon =1*00 lb. 

and I Oxygen =1*33 „ 
nitmgon I Nitrogen = 4 47 „ 
Air for i Oxygen = 1'33 „ 
combustion I Nitrogen = 4*47 


f I K , ' ' 

AVelffht Speclllf Thermal 
Prodncts. In Ibe. Heat. Uaits. 

Dirbonic acid (COj) 8*36 x '2164 = *792 
Nitrogen (N) .. . 8*94 X *2440 = 2*181 

Total productB .. J2*60 (CO^+N) = 2*973 


Therefore the maximum liso In temperature 


Totiil heat, ae before (Kxample 2, page 73) _ 10,001 B-T-ITa. 

H( at carried off by products for each degree rise “ 2 * 973 11 .T.U'b. * 


Dpr. Fahr. 


That is, the maximum rise in temperature is 3304 

Add normal temperature, say .. .« .. •• •• •• .. 62 

Therefore the maximum t(‘mpeTature is 3456 


6. Enquired the maximum temperature when carbonic oxide 
{(>0) free Iroin nitrogen ia burnt in pure oxygen to form COa, 
so that there will be no nitrogen in the products of combustion. 


Hkat Equation. 


Carlionic 
oxide 
For com- 
Inifition 


rCarbon tt 1-00 lb. 
I Oxygen ss 1*33 „ 

|oxygenr.l-S3 „ 


Weight Sperlflc Thcnnal 
PtodnetB. In lbs Heat. Units. 

Carbonic acid (OO,) 8*66 x *2164 = *792 


Therefore the maximum rise in temperature 

Total heat, as before (Example 2, page 73) ^ 

“ Ilont carried off by the products for each degree rise “ "^792**, 

nes.Fahr. 

That is, the maximunS'rlBe in temperature ia •• 12,741 

Add the normal temperature. Bay 

Therefore the maximnia theoretical temperaioiij^^f' ’ . 18,803 

7. Required the maximum tempentoi^ carhop is burnt 
completely to form carbonic acid (OQ,) with ^i^|>raTiQUsly heated, 
BO that it constiftites hot blast rais in te^ptbktnre 10U0'’Fahr. 
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11 ‘6 lbs. of air are required per pound of carbon (see pngc 7.3), 
and ^cific heat bf air = *2379 (see page 7^^, . § 

Specific 
fleat. 


Rise In 

Lbi, TiCat. 'J'emp. 

S? 11*6 X *2:579 X lOOO'^Fnl'r. 
= 2759 

=t (14,500 + 2759) IIT.U a. 

= 17,259 B.T.U^b. 


: Bo ^fxt tfie toial lieat added to ibe air i 
^ previous to combustion .. .. J 

The tohil heat to be distributed or spent 
in raising the temperature of the pro- 
ducts of combustion is now 

As in the second, of these examples, the') 
heat carried off by the products of com- 
bustion for each degree Fahr. rise in 
tomperature 

17 259 B.T TT'h. 

Therefore the maximum rise in temperature .= ‘ 2 *973 B T IJ'h ' 


= 2 *973 B.T.U‘8. 


That is, the ipaximum rise in teipperature is 
Add the normal tempemture, say .. 


Ih'pj. r.*iu. 

. 5S()r> 

. 02 


Therefore the maximum temperature is .. .. TiSfiy 


Abstbact op the Fobegoing Calculations for Theoretical 
Maximum Temperatures. 

M«x. Temp. 
J>eg. l-uhr. 


' 1. Carbon burnt completely in pure oxycfen to form CO, .. lS,:t7i) 

2. Carbon burnt completely in air to form CO, 4,9;;9 

8. Carbon burnt partially in uir to form CO 2,705 

4. Carbonic oxide gas (CO, pure) in air to form CO, , . 5,422 

5. Carbonic oxide gas (CO+N) in air to form CO, .. .. 3,456 

6. Cixrbonic oxide gas (CO, pure) and pure oxygen to 

form CO, 12,303 

7. Carbon burnt completely iu heatetl air (1000'’ Fahr.) to 

form CO, 5,8G7 


Although the foregoing figures are of considerable interest, 
in BO far as they point to a limit of calorific intensity derived 
by combustion of the varioim forms of fuel referred to, when the 
products of combustion are supposed susceptible of being in- 
creased in tempen^re in direct proportion to the amount of beat 
applied, it mhst' he remembered that these, conditions do not 
obtain in practice, owing to practical limits to the rate of com- 
bustion, also ' the limiting effects cansed by dissociation of the 
constituents of the^gases. The temperature at which the varioas 
gaseous products begin to break up ot dissociate Taries according 
to the composition and ^^tions of jHTesst^.Dht generally the 
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Tnaximum practical temperatures obtainable, for the reasons stated, 
are very much l^K^ban those given in the foregoing abstract, 
as indicated by afr following actual temperatures obtained hj 
“ Ibnisen.” Actual temperature obtained by combustion of car- 
bonic oxide to CO 2 = 4892*^ Fahr. Actual temperature obtained 
by combustion of carbonic oxide in air to CO 2 = 3092® Fahr * 
These actual temperatures were obtained at atmospheric pres- 
sure ; higher temperatures, however, were also obtained by in- 
creasing the pressure under which combustion was carried out. 
The latter results will suggest the working of certain metallurgical 
operations under pressure when higher temperatures are required, 
as already proposed by Bessemer, for which purpose he designed 
the reverberatory furnace shown in Fig. 61, also the crucible fur- 
nace, Fig. 62, referred to in pages 181 to 185. 


Meltino Toints and SrEdPio Heat op Metat,s. 


Metal. 

.*ipeciflc Heat 

MrltiUK Pi 'H it. 
Dtp. Ptilir. 

Steel .. .. 


3250 

Wi ought iren 

.. .. '113 

.3250 

Cast iron 

.. .. -112 

27.)0 

Copper 

.. ., *095 

2000 

Cun metal 

.. .. — 

1900 

BriibS .. 

.. .. -094 

1834 

Zino .. r, 

.. .. -0027 

770 

Ijend •• *• •* •• • 

.. .. *0293 

(512 

Till 

.. -0514 

442 

Silver 

.. .. -0.557 

1873 

Sold 

.. .. -0324 

2100 

Platinum ‘ . 

.. .. *032 

3080 


Temperatuues Indicated by Colour. 


Welding heat 
W^hite „ 

Otange .. 
(Jlicrry red . 
BrilliautTed. 
Dull „ . 

Faint „ . 



TH'g. Falir, 





2800 

2B70 

2010 

1650 

1470 

1290 

960 


Tlio instruments used for observing these temperatures are 
known as the thermometer, or measure of heat; and the pyro- 


meter, or measure of fira 

The first is ^mployed for aH temperatures up to that at which 

* See *On Metals.’ 
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mereory boOs.; the aecond is more partieaU^ jued to ascoriain 
those bigheir temperatures in which t^ construction of 

(bermometer will hot allow of its use. ^i||Pmermometcr deals 
tnfli a range of heat comparatiTelj'easy to register and observe, and 
reliable instmments may now be obtained,' regulated to an extreme 
degree of precision.. AUhongh.much ingenuity has been employed 
in the construction of pyrometers, great doubt is felt with regard 
to their accuracy, more particularly at very high temperatures. 
There is yet room for improvement in this respcict, as a delicate an J 
reliable instrument for the observation of high temperatures w'ould 
be of great service to scientific men and manufacturers. 

The latest invention, that of Siemens’ electrical resistance 
pyrometer, bids&irto be of great utility, but as it is somcwliat 
expensive, and of a rather complicated construction, it is not likely 
to be very rapidly adopted for ordinary workshop ube. 

Of all bodies, liquids are preferable fur the construction of 
thermometers, as solids are not sufficiently dilatable, and gases 
are too much so. Mercury an^ alcohol are exclusively employed 
in their manufacture ; the first, because it does not boil but at a 
very high temperature, 600’ Fahr., and the second because it ^bes 
not solidify at the coldest point known. Mercury is generally 
used. The instrument is composed of a Itepillary glass tubit, 
terminating in a cylindrical or spherical bulb of the same material. 
I'he reservoir and a part of the stem are filled with mercury, and 
by a scale, graduated, on the tube itself, or parallel to it, we 
ascertain the expansion of the liquid. On tlie stem, two fixed 
points are marked, representing always identical and easily repro- 
ducible temperatutei , • Now, experience has shown that tho 
temperature of melting ic^ is iiivariahly the same, whatever may 
be the sonree of he^h distilled water constantly boils at a 

particular temperate, provided thero be the same pressure, and 
' a ve^ of the ^iae.inatcriai., ..Censeqnently, for the first point, 
thevtmnperature oflteelting icd.hhs been taken, and for the second 
the.* temperature of boiling distilled water. These twp having 
1)0^, defined, ilie intervening space, is ‘.divided into equal parts or 
deg^etei and tht^.^division8 are continued the length of the scale. 

In ^ gr^nation of thennoifie^rs there are three scdlen, the 
Centigrade ".(invented by Fahreuboii’s ; 
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flu; first is used in Franco, and by St^tliont of scientific jrorks in 
oi lier parts of Enx^, England JE^^nr constrn 

ills thcrmonioter iaTfSl, adopting ^e'san^e^ficoif^g and bpi 
])oints as Celsius; in the H^umny 
divided into 80 degrees, so Ibat 80 degr^ltda^^or 'are equivalent 
to 100 degrees Centigrade: 1“ E. k ; liiprofor^ ’‘equal ’fc 
of Celsius, anJ, reciprocally, 1® 0. is ^qual to 
sf'queutly, for converting a number of degrees B into degi^ 0, 
(■20, for instance), this number must be multiplied by 
1 ’ li. is equal to C, 20® E, converted into C. arse 20 times 
or 25. Tt is obvious, also, that for converting the degrees of 0. 
into those of E. they must be multiplied by 

Fahrenheit, in 1714, invented a tbermometrical scaled which is 
jiopnlar in Holland, England, and the United States. The upper 
fixed point of this instrument corresponds with the boiling point 
of water; but a temperature obtained by mixing equal ])iirts of 
])nlverised sal-ammoniac and snow together, is marked 32®, the 
iiiforvcning space being divided into 180 degrees. 

I’lms the thermometer of Fahrenheit when placed in melting 
ice. stands at 82® ; consequently 100° Centigrade are efjuivalent to 
212 minus 32, or 180; 1^^ G. is therefore equal to or F. ; 
and, reciprocally, 1^ P. is equal to -J-gg or C. 

Suppose a certain ^ mber of degrees Fahrenheit, say 85, have 
t«) be converted into l^rees C. For this purpose, first, 32 must 
1.(‘ subtracted from tlie given number, so as to count the two 
kinds of degrees from the same point of the stem. The remainder 
i-! 5:), And, as 1° F. is equal to C., 53° are equal to § X 53 = 
211.'* C. Ecciprocally, for converting degrees of 0. into degrees of 
F., tbe given number must be multiplied by and 32 \add^ 
to Iho product 

To make a thermometer , — ^Take a fine, glass tube blown into a 
bull) at one end. Heat the bulb— ilie aittiiengji^rids^; place the 
tiilic under mercury, wbieh Will, enter tlie: ^jPVjRS it It 

must then bo so managed that the at a convenient 

hmght in the tube at ordinary teng^atrires. > ’ 

Apply heat until the mereua^^eij^hids to the top flie tute, 
seal the tube by heating it together with 

a ])air of nippers. If thh on coo'iug 




iy4 , , rotmDnta ahd castino. 

'wUl a, TOOQim above it The boiling 

212^'. ordinary baro- 

||pi|tt|il^Bteii^^ , ‘ij^e iieezihg of^ii^ter is 32° Fahr., 

and fixezii^ point are easily 
o^tebl ' ^ In liotii 

the <3^tIgTiM}e,, fH|4> freezing point 

is .marked 'S(sn> . beiliilg. pohtt in the Centigrade is lUO'’, 

’whiy; In the l^mhor it k ,. . 

Spiriflih^onieters are nikd % taking very low temperaluros, 
as spirits eimnbt be ftbzen: ~ ' 

Fe^sk^g thenuometern are made by contracting the neck of 
the bulb/, so; that "wh^ t|ie mercury erpands upwards l>y heat, a 
portion of tikm^c^v:^^ to indicate the highesl point 

reached. 'Another, mode is to separate a small portion of tin; 
mercury by n knall air-bubble, from the rest. To reset tlio 
thermometer, ^low it to cool, and- then sliake down the small 
portion of mercury which rasters the high temperature. 

Jn measuring the melting points of metals, the temperature 
must be taken just before melting. take.s pkee, because at tlie 
moment of liquefaction a certain quantity of latent heat is absoi Ix-d, 
and beyond that point the temperature of the melted metal might 
rise considombly, and make the observation incorrect ; as a thermo- 
meter cannot then be directly applied, a nvrometer k employed. 
Numerous pyrometers have been wimsed for ascertaining 
temperatures by the expausdbn of air from heat. This is the priuei])le 
of the pynoms^ers. of Schmidt, Peterson, and Pouillet. Where 
these instruments can be conveniently applied, they are capable of 
yielding very aodurate rssults, 

The final indkatiqns of Ibk .kind of pyrometer will of course be 
..arrived at by the kws of air and gases by heat. 

Ik. Eegnault gives the -attpi^i ^. ejtj^Bion of atmospheric air 
32'’^^k or ‘3670 on its 

/V?r',;{^W|dgw^’s i)yrometer'wpa/fpahl^\^^^ property whicli 


contracting high ,The apparatus 

ull^qP^i'^allic gt 00 Va,i^,i^(^,'lcffig,,t^^ ofwliieh 


or 
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truncated cones, whi^h fitted the .ti^P a^niug the groove when 
ihey had been heated to redaei^ ; |hia^lf‘8nj?wquent contraction^ 
when still further heaM^; wa^ 4hfi^ $Hdiug gradually 

down the groove till t]^ey^iimye^ ^rongh which 

they could not pass., / J:’ ^ ' 

This measure of beai^T^^ longer ^Siplo^ad; h^ i36ientific men^ 
as its indications cannot W^telied upon, Owing io th^ variations in 
the quality of clay. Ac. \ but tliere are tiines wlien the principle 
involved in its construction maybe of use for rbiigh approximations 
of high temperature. , ' * ' 

AVedgwcod divided the whole length of the groove into 240**, 
each of wliich he supposed equal to 130® Fahr., and he fixed the 
zero of his scale at the 1077th degree of Fahrenheit’s thermometer. 

lie assumed that the amount of contraction of the clay would 
he alwjiys proportionate to the degree of heat to which it might 
]ia-v(* l)c*en exposed. This is erroneous, for it is found in practice 
a long-continued and moderate heat will cause the clay to con- 
liact to 5111 equal amount as a fiercer heat applied for a short period. 

Another proof of its inaccuracy ii^ to be found in the absolutely 
i«\i])i)saib!e tL'm])ertvtures recoided in some chemical lK>oks as being 
oblained by this instrument. Thus it had been stated tlmt cast 
ijoh melts at 17,977'^ Fahr., and that iron welds at 21,000° Fiihr., 
wlu'rcas it can he shown that the utmost temperature to be obtained 
by tlie combustion of carbon with atmospheric bhist cannot exceed 
rj;hF Falir. (see Example 2, pages 187 and 190) -a temperature 
jjir (\xee(*ding even the melting point of mild steel. 

Since the invention of the foregoing in 1782, a humlier of other 


liiMit mc‘5isures have been constructed, of which the following are 
Oio most useful and reliable ;—l>anieU\ Schmidt’s, Gaiintlcit’s, 
Wilson’s. Biiiloy’rf, and Pyrometer. 

The great ma joritv more 


particularly the more 

wlien tempered than ’’C- '. “ ' ’ 

In Professor I)ani^|B lE measured 

hy the expansion of fe,|(;d^;^mposed of 

black-lead land cky, in plumbago 

crucible, in. whiejj 'meip'.in diameter, 

and Ih inches deep. tOiil of soft iron 

........ ... . ^ ^ 


^^C'^!iW|ieilMre is measured 
fe.,|i;;d^j^mposed of 


crucible, in. whiejj is'.di|^ii|i^l^P^f^,’^^^n meip'.ii 
and 7i inches deep. 
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or platmo^jOf. nearly the same diameier, and 6i inches long 
introduced so as to rest against tlie solid of the hole; and 
npon the outer or free end \pf ;the . metallic rod rests a cylindrical 
piece of porcelain, M the instrument is 

heated the metal, expal||n^ & case, presses the inclc^x 

forward, which, by means of a wedjge, & ^kfipt in the position to 
which it has been, forced, when theMnstrument is removed from 
the furnace and cooled. A scale is then atta^ied to measure the 
precise extent to which the index has been pushed forward hy 
the metallic rod; it thus indicates the difference between tla^ 
elongation of the platinum rod, and that of the black-h;ad 
which contains it. For its indications to be absolutely correiit, it 
is necessary that the rod and the.^case should expand uniformly, or 
both vary at the same rate, 

A very inconvenient circumstance attending the employment oC 
this instrument is that no indications of temperature can be obtained 
by it until it is removed from the furnace. 

Gauutlett’s pyrometer is constructed on the principle of obs(‘r- 
vafcidns made upon the differential expansion of rods, or tulx*^, ot 
brass and iron. This cannot be relied upon beyond a i)0]iiL 
approaching red-heat, at which permanent elongation of the nuitat^ 
sets in. Such pyrometers are, within limits, however, very u^el'ul, 
and several varieties are made, of which two are illustrated in 
Figs. 63 and 64, the former showing Carsatelli’s and the lattei 
Bailey’s. 

The instrument made by Carsatelli consists of a* tube a of iron 
or other metal, which at one end is screwed into a metal coiic‘ 
having through it a numbe^ of transverse holes c, and at the otlnn' 
end to a flanged socket and inside the tube a there is a second 
or smaller tube e of metal, the of expansion of which by he.it 
is difllsrent from tl\e outer ,.Ti^,^iQier tube e is also screwcnl 
at time end to the cone ^ an3:;^^^K|he other end trans versii 
,^jjs^^andaplugy, into wMien te'^e^^ one end of a rod //, 
%1iiioh: passes through a stem i,; sdrewed. and 'adjusted to the 
flahgad sock^ on the t3p of tbs J^teir tube, and held 

flria 'by the not h\ and to thm at^.^i^ case provide d 

with diat other end 'Sfl:^: contact with a 

small block 4; /pivoted arm- 0 ^ or 
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segment p gearing into a pinion 
oil the apindle carrying tlie index 
liand, and as the rod h is moved 
lip or down, according tbe 
ex|)aiision or Gontractiont|^'!^ 
tubes of metal, it gives jnpdon. 
to the toothed qnadlint -and ' 
])inion, and consequently to the 
iij'lex hand. The hot blast is 
])assc3d through the instrument 
l)y inserting the cone h into the 
socket of the plug of the tuyere- 
tnhe, or other suitable place, the 
current passing through the 
inner tul e through the holes at 
the top, between the inner and 
outer tubes, and out through 
the holes e in the cone. 

The outer tube A has a 
cover T of wood, or other non- 
conducting material, encircled 
by felt or cloth u for preventing 
ilio radiation of boat from the 
iustrumeut, and enabling it to 
be luiiulled comfortably. 

Ill W. H. IJailey’s pyro- 
meter, Fig. 64, an attempt is 
nude to preserve a portion of 
tlie length of the rods employed 
non-pYroinetricol, in order that 
wluMi it becomes nece^rjf to' 
])a‘^s the stem of the pyrometer 
through brickwork, as m the 
case of a funiaoe, that portion of, 
the stem which is actually ih iho 
In at shaft alone be utilised, for*.’ 
])yrometricAl purTj|)ses,; thus ;,a; 
more accurate indicatipn of thoj' 
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beat i$ aod 1^;|)eiimaQ^ expa^ of the materials 

retlbcei ■ 

' finger to zero when 





SiVilly’s and Wilson’s fysometers. 1!)!) 

■* 

n-qiiircd, and there axe also two bands, one of which makes s com- 
])](>lo rorolntion for every degree iitdicatedi»by the other, and thus 
at every revolution of the siballet hand tSke larger hand only 
move one degree, bnt in its Wholf|'ie<gf^^da will indicate the 
total heat. 

In Fig. fid, A is a wronght-ittii'^|^llfV®**“S through the 
biiekwoik TI, and hanng a brass or oOj^pti^ tube 0, Screwed io on 
till other side of the brickwork as Ulnslmted. Dis 
I (Ml lod eonu(>etc(l with a quadrant at one end for adnstij^ the 
indc'v hjiindle, and whicli rod, bmug of the same ma^s^ as the 
tube A, only that portion of its length which exiendiB beyond 
tlie month of such inbe A into the furnace or oven has any 
iiiflneiu I* in indicating the temperature of tlie furnace or oven by 
tlie (Idl icTico ill its expansion as compared with the brass or 
copixr tiilie 0; but any other materials which expand unequally 
juiy lie muiloyt-d either in the form of rods or tubes provided that 
the tnhi wliieh passes through the brickwork is compensated for 
hy !ui inner tube or rod of the same muteiial and length as the 
tube or cising A. 

In Fig (j 4, E is the index spindle carrying the index hand 
F, di-e wind (>, and mill-headed knob II, all lirmly secured 
upon the spindle. I is a toothed pinion combined with a lalchct- 
who( 1 J, which is mounted loosely upon the spindle E, but is com- 
pclhd to turn with it in ono direction hy the application of a 
-piiiig piwl K, mounted upon the Ihce of the disc wheel G, and 
t king into tho teeth of the ratchet-wheel J ; the pinion I gears 
w ith the oidiuiiry toothed quadrant L, which is connected witli the 
iiitiin.il tube or rod, upon tlie expansion of which, as compared 
with the external tube, tho indicating depends. This pinion acts 
iqinn th(' spindle E, as if it was fixed thereupon, but ii^ throngh 
]i(imiucnt expansion of either of the differently expanding ma- 
t( 1 laU cmplojed, tho index finger f fails to return to ijg^j^iug 
point, 1)} turning the knob or handle Spindle u|e7bli|med 
111 the direction of the airow, withqbi (^^ng the pQri|ie«PFthe 
|iini()ii, as the spring pat^ K ^e»idis8 wheel G ^0 tnrn^ 

iiid( pendoutly in that tbo instraraont may bo 

ad I list td to the ^eatest niee^H* the fractions of a 

<;• iK'ol lemperaturo, a toothed H iS fitted to tho spindle 
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i ?' I- 


( a piiiiQjQ O imli- 

tipoil It smaller dial. 

Xiie principle of the inoasun'- 
ot Jhi^gli temperatures lbiin(l(*J 
of heat iiji- 
^ "parted' bulk of water, 
at som^ known temperature, by 
plunging therein a heated body, is 
that upon which Wilson’s pyro- 
- meter, Fig. 05, is based. 

, The instrument consists ol‘ a 
' 450pper vessel A, capable of holdiTii; 

rather more than a pint of water, 

. and well protected against radia- 
tion by having two double casings 
around it, the inner containing air, 
and the outer filled with felt.. A 
good mercury thermometer 13 is 
fixed in it, having in addition to 
the ordinary scale a small sliding 
scale C, graduated and figured 
with 50“ to 1° of tlie thermometer 
scale: there is also provid('d a 
cylindrical piece of copper D, accu- 
rately adjusted in si/.e so tijat its 
total capacity for heat shall bi^ 
^^th that of a pint of water. In 
,, using the pyrometer, a pint of 
j -wster is measured into the coi)J)(t 
^ vessel,' and the sliding pyrouicler 
.^sesiJe 0 is set with its zero at the 
^.jtemper^tture of the water, as indi- 
: cated, by the mproury thermometer 
: . th^ piece ef copper is then 

a piece of wire placed 
the temperature 
^ ■/; to ascertain. 


65. , . " ^ . 
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for about two tjoicklj dr<^ped iiito the water 

iu t)ie copper vessel, 6t the water io 

tho jiropoition of ,50* pf tpipera jn the copper;'! 

tbo rise in tempeiatara itihjr at OQM oa the pyro- i, 

nioter scale, and if to .^he t^d^^^l^jtj^'tetaperatnre pf the 
water, as shown on':tlw pf &erc^y thmaometer, the 
exact temperature is olitilned. ' This pyrometi^, ^ foiiE|^^ be 
more accurate tbah:t)ther8 for . such temperatnn^.: 
jiliitiiinni ; fur still higb<^ temperatures, a ptfi^ pf platiaui^^uld 
be used instead of ooppPr,' and the instrument woi^ then be 
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.ivaUrJilo up to tho highest' teinperuturo thiJrt platinum ivould stand, 
or (‘.ourse tliis iat?trum^t cannot be used for taking observations 
iu iiiiicceRsiblo places. . "V, ! ... 

Another mode of utU^in^; j|i>,ih,mtmbmhter m measi 
tciij])criiturcs HpprQmitmte]y.ii|:^maV^i(>y]K^ shown in 9^6. 

litre D represents a ^t^l^.;pi^,:Bl»d A i5fi apparaWsj'Nvhij^ 
consists of three ponpPl^ttm or brass. 

In the inner ehatnbW^'^^aS-ci&s^i^etcr is, pteoed, and the 
hot blast, condue^^|^^^^|^ ;'.p;J'#lim&' tbe'fpi^ D, circulates 
tiirough the 8eco^^|^^^^^^|iK^i0hti..-h>y'^p;.ta]^red nozzle K 
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lecrlpra^ Ijlki . tf |gU%«ile^ ojf Idw conducting 


}ndic^^\'%!l^:l^';4&e^at^ does not, of 

# blast; bnt to 

mettdlio pyrometer in 
I, in order 


tib# b<^b|Biit^|^'lX ' ^ 

to,;fixsj^, iat%- 4®y simple 

adixtBlI^' bf^^^iSia boi^ cif tbe tapet^'^B^ object is 


ibgnlate 


e' b$ ib:C blast, this adjustment is 
not reqnk^, it being^tufflai^ti^ nioteJlbe degrees indicuted by the 
thermomeie];'y?ben, i^/bl^t;jte^^.jue^}nar vrorking temperuture, 
and there^t^ dafidstaib it ' 

IThe electrical resisleDeb ii^.w^ wndactors depends upon tbcii 
dimebsionS) mate^al, and also temperature ; an inen^aso ol 
the latter eaushig:.a^borre^b^hg indtease of resistance. The la w 
of this increase & known. ' ..Thns the resistance of a conductor 
being ascertained at 0° jOentigrade, it can be calculated for any tem- 
perature, and, vice vers&, if the', resistance can be found by mt'asuiv- 
ment^'tbe temperature can Be calculated. And this is the principle 
upon which Siemens’ electrical pyrometer, Fig. 67, is based. 

, A'platinam coil of a, known resistance at O'’ Centigrade is coiled 
on a. cylinder of firo-olay, protected by a platinum shield P, which 
is placed in an iron or platinum tnbe, and then 'exposed to the 
temperature to he detennmed> ' Leading mres 1 1 are arranged to 
connect this coil with ab ^bllrutiient suitable for measuring its 
resistance, and from ' thi9;''d^|fi^.<^ the temperature can be calcu- 
lated. These lehdh^'wi^j^)^! .hb brought from the furnuce into 
an office, where "be read off, and recorded as 

often as required. ' 

'The resistance*! 


^plied for the x>urpose 
is A differential yoltaindi^f •S^S^i^nssts' .of two separate 
$|ubtf^^qa<di of whi^t a WC a<dd and water ii 


-ki™ 

by an electric 
The gas which ie ‘ 
'caretully-calilir^^;to| 
' ^ of u 


iH 

two pklinum 
in the long 
itfl quantity 
jSi^ tubes, 
the tubes 
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^ is divided by passing a commuijitf^r 

Tttecii consista bf an artificial resistance in 
tli|9f ibtei platijininaJee^^^s in dne tube ; the other, 

of iresistanc# tp be ekctroSes in the other 

tuba /The quantities bf in the two tubes are in 

mven^ l)ropbrtipn to respedtiw circuits ; 

th^r^fore one of the .resii^tabe^^yi^ '^at in the instrti^fet, being 
kr'own,v the otheT can be cidbiitet^J; ' . , , 

The makera give the fbnb^iig dii-eotiohs for use: — Fill tlic 
battery glasses with pure wa^r' or, in case of the power of tlie 
battery decreasing^ ^ with a solution of , sal-ammoniac in water. 
Connect the poles to B and B on the commutator. Expose llic 
small enU of the pyrometer tube, as far as the cone, to the beat 1o 
he measured, and connect the termjniils X, X', 0 to the ends of tlie 
loading cable, bearing corresponding letters. Connect the other end 
of the leading cable to the terminals X, X', C on the voltameter. 

The differential voltameter is to be filled with the dilnlt d 
sulphuric acid through the rifeservoirs, the indiarubber cushions 
being lifted from the top of the tubes. The coniinutator is to be 
turned so that the contact^aprings on both sides rest on the ebonite. 
The liquid in both tubes is to be regulated to the same level (0"’ of 
scale), and the indiarubber cushions to be let down again. Give the 
commutator a quarter of a ti;rn, and the development of gas will 
commence almost immediately, Turn the commutator half round 
every ten secends to revise the, current Keep tlio cnirent passing 
until the liquid has fallen Jk tul)es to at least 50"'' of the scale, 

then put the commutator iu UM first position, so that the contact- 
springs rest on the ebonite; read off* the levehi/>f tbe liquids on the 
scale marked V, and the‘ ffei|i^:^arked V'; find these num’ ers in 
the table under V and.YV point of the lines 

starting from these figures gives |i3^ resistance of the exposed ceil 
u^'black, and its temperature in figmm .These, pyrometers are 
Messrs Siemens Broth^ iWoblwicTfeu ^ 
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ALTHouaH the success of metallurgical operations depdnfls so 
largely on tlie possibility of finding proper refractory materiats, 
and they enter so prominently into the cost of these operations, it 
can liardly be said that ottr knowledge of them is in a very satis- 
factory condition, or even that we know very much about them, 
beyond a few faftts which have been gathered through their use. 
l^Kperience, as a general thing, is an excellent master, but the 
recpilremonis of modern metallurgy increase so rapidly that the 
accjnirements of experience became as rapidly useless, because 
the exactions of temperature increase so fast, that the material 
depended on yesterday is of but little value to-day. No materials 
are required to resist so many and such varied conditions as those 
required for crucibles, retorts, and furnace linings. 

Such is the opinion expres.*ed by Dr. T. Egleston in a valuable 
]>Mper on refractory materials, read before the American histitufe 
of Mining Engineers, and to which we are indebted for the major 
pait of the prei-eiit chapter. 

Dr. Egleston goes on to Observe, that in the use "of a given , 
refractory material it will often be found that the same siibstahce 
is called upon to fulfil conditions which are not only diflferent, but 
(xactly the reverse the one of the Other. At one time it must 
i csist an oxidising, and immediately after withstand moi'e or less 
of a reducing action. ruus^ 

hy the corrosive action of ! acid, or it must 

withstand the action^ baj^c ,si^ immediately afterward 

only resist axjtion iof metals substance 

must resist tbe destructiye^aeSj^t^'^^melling^ well as melted 
oxides, sulphides| and\8Ui^teVr:frt0fV^^^^ bo proof 

ngainst any amount ‘of to te and ofUn 
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compkin, tli«t ODd brick -wbich resists the inAneace of o\u1( <>( 
inn, sbotild fail eotirely tiuder a gns flame, aod tbat asothtr t-lioTil 1 
slag tbe iaflaenee of oxide of iron, but resist clear beat w( II 
aod yet, when tbe natpre of the is considered, we see t1i.it 

it could not very well be otbcrwisefi tn many cases, and in cn t nu 
portions of a fnruace, the brick may be called Q|ion oi ^ to supix)) t 
a very high temperainre^ cnmi||B*m contact with tbtmamo .iloiu 
and this is the most trying di^jltioa of all our modem i(>qnii( 
meuie, tor under these conditions tbe material roust resist tin 
fomiieratnre, and remain infusible without decomposition, ci u km 
or nlteiation of any kind, and still retain strength siillic'uut to 
resist the pressure of the iurnaoe. 

The substances with which we have to deal as refractory in it - 
rials are sihea, alumina, lime, magneeia ; clays which aic sihc iti 
of alumina, more or less pure; the hydrated aluiniiiatc of nmi, 
known as Iniuxito, and some silicates of masnesa, as talc, v|( iiit 
and the minerals wliich arc allied to them, all of which snhst nui 
are fusible m the strict sense of the word, hut arc ginci.ilh in 
fusible at commercial tempi latuics, 'J'o tin so substuicis tiso 
others must be added as powerful agents to lender infusihl. niuli i 
certain conditions, subst.inces which ivonld otlierwisc he Insih'i . 
and these e^e wafer, and carbon m the shape of coke or gi qihitt 

Some few locks are used as refr.iet(n\ m itciials, without umh i- 
going change. I’licse rocks are qiiailxites, crauites, some Mud- 
stones, conglomerates, berpentines, steatites, and, in ccifain case-, as 
in Styria, carbonate of lime. Quartzite and sandstones wen, tor i 
long tipie, used almost cxc^Q^tely for blast-furnace heai lli'' "1 In i 
are veiy refiactory, bull^dfw^ tteacherous, as they are not homo < 
neons. Soin^ alumitHHie zkalc^ (tru albO useil, and will genci.nK 
resist, if they do not conti^ more than from 4 to fl poi cent, of 
iron, the alkalies and the alkalihd euths together, but if is not i.i^y 
to use them. They are not caoil^H^kii, hmst be laid in their qii.ai v 
bed, and aie luihlo fo cnick. Othek rocks cf the soa})stoue and 
l(^t|>C^ine vurictii^, which contain '6Q to aent silica, and 

^ to 25 per cent, nugnesiu, are infijinbte, es^iy auk and, if 
do ao( crack, can he used; but, in snbsfancis no 

not homogeneous, are difficult to get in sofficioMt quantities, and so 
little to be depended upcm, that artiffidal ix» prefened. 
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Silica is found su^Srotw apd /iydrous. The 

anliydrous, which ik ^ titod aloi^ it 

cracks and splinterli/ If ^ it jiitirt 

reduced to powder, 

and are found as dif- 

f( rent names in ^hfain from SO to 87 

per cent, platinising and from 

0 to 40 per cent, insoluble 2;(^^ 10 per cent of 

iron, alkalies and alkaline ealWS,' I'hesa impur^t^ generally 
in too small quantities to affect their refractory qualities. . The 
rock is so tender, that M. Deville has had crucibles naade in a 
Lithe out of it; but, as the composition is never regular, vessels 
made by mixture are better., .Though silica is infusible, it 

cannot generally be used withqjnt being ground, and, as it has no 
binding quality like alumina, a small portion of binding material 


must be added to make it hold together. 

Silica is generally a very cheap material, and preferable to any 
other substance if it, is used only to resist heat, but cannot be used 
if any considerable quantity .of .scorim are formed. In such cases 
bauxite, or other alpminons material, will be found to bo preferable., 

Ininas brick, which is the best substance to resist heat aloncil 
requires lime for the binding' niaterial. This brick is made of 
(]uartzose saudstono, which is first heated in a furnace, and thrown 
into water, to break it- up, ,and is then ground. It is composed 
ol— •' • ^ 

9S*3t to 96*78 per cent. 

*72 to 1-39 „ 

^8-:, ' : . 

*14 

>20 

’iM) 

The amount of H Joge^er' fe ti per cent. 

Tlie joints between the bricKff,,^'^£lle!d‘j^b the same lUaterial. 
At a temperature of 2200“ these hrioks will 

last four weeks in the tnof of aw^^iaty.fiu^ece, intlukt time 
will be rednoed, by and slightly 

from chipping, fr<ra f pi^uot the heat 

so badly, that trlute heat on 

tbo inside of the' 


;%4.'''wa9rm On the outside. 


SiO, 

.. «• •* ’ 

A 1,03 .. 

• • a. .« •* 

IVoOa .. 


CaO .. 

•*' , *• 
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Ordinarily, tb# Jbridks jaeem to ba the dust, wliich 

gafefes. ' In the where tliej o is 

tfi^ give^ut from be applit^d to 

the furnace where ihe^ ;:^ - Their priiicipjil 

of deterioration 8eeme4x>^|e^^^^ the temp( iJituK^ 

due 'to stoppages on flale, either as t.lio 

furnace cools, or Wl|en it " Tt was at .first supposed 

that these bricks could 'on|yfj|^ili^e from the Dinus stone, hut. 
it is now known that &ey inay bei^ade from any pure silioions 
rock which has been ground and mixed with, the proper quantity 
of lime. 

Ganister is used .for the Bessemer converters, clay being nscil 
for the binding material, ie. alumina .and silica chemiciiilly coinl >1 lu tl. 
It is generally unburned, and it iSj^very Important that the mixtuio 
should be so made that it will expand a little, but not shrink at, all. 
For this purpose quartz, as pure as it can be had, is mixod ^vilh 
the aluminous clay. 

The following analysis will give a clearer |dea of the composi- 
tion of ganister, as compared with fire-clay bricks ; the inateri ils 
referred to being cbtained and manufactured into bricks, t^c., at- 


||J3oiinybridgo, near Glasgow .y.. . 


Elements. , 

Hil'Oft i>i, 

•« U7* 78 per cent. 

Vn'e clay Urick. I’er rout. 

«« aniierociit.! _,,r ,.07 

8-21 „ ] 

•M :: 

•40 „ ^ 

Alinriina 
Peroxide of iion 
Potash . . 

Irimo .. .. 

Mugueuiu 

So<lu . . . ; 

Organic matter 

•.* , *20 

fc* '•» '* 'rt 

•• *• , tiione A~/ 

.. -i.. , ■ 

V 

Specific gravity 


lee^od 

2-221 


j'" 

A special mixture of abivUi^lfthister.'nmde at the Bonnyside 
fipe-clay works, and applied to ^ie;^'W6rn-out parts of the cupola 
,"li1iiiig %hile soft, has in many instances beiM &«an&^ to stand better 
,^an when the. fettling has been ;doAft:;fey mea?^ :of fire-clay scones 
set in fire-day. - j ‘ ^ ;.r'; /!v ' 

isypho of the mtar^.ysnb^^ has b(»on 

applied as A niat^h ;|t of dlic^^ alumimi, 
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mi water. Like all alontlnons ihe adraat^kgo 

ol' tending to form alnminates/ wbieb are le^ 

■and are generally completely 

It docs not have fiom^- 

tinies not present at 
b.'Iow: — 



Dr. Siemens states that a series of experiments to form solid 
lumps by using different binding materials have eiiown that 3 per 
oeiit. of argillaceous clay suffices to bind the bauxite powder pre- 
viously calcined. To this mixture about 6 per cent, of plumbago 
j)owder is added, which renders the mass practically infusible, 
because it reduces the peroxide of iron contained in fhe bauxite to 
tlio metallic state. Instead of plastic clay as the binding agent, 
waierglasB or sjjiicate of soda may be used, which has the advantage 
offsetting into a hard mass, at such a (^mparatively low tempera- 
ture as not to consume the plumbago in the act of burning the; 
brick. When the lining is completed, the interior of the bricks is 
preserved against Qxidation by fluid cinder, added to bind them 
together, which also prevents qontact^wlth the flame. A bauxite 
lining of this description resists both ihi^ and fluid ekder in a 
very remarkable degree, a? ^^.proved ^.hning a' rotative furnace 
partly with bauxite and p^ly ,41% ciar^u% plumbago 

bricks. After a fortnight^ w(4Mng^e lining was reduced 
from 6 inches to less t^n tiie bauxite 

lining wa#' still 5 inches thi^k pt| compact It is also 

important to observe thei exposed to intense heat, is 

converted into a solid mass ql that 
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it can barijiy be" {duelled by steel tools, and is capable of resisting 
tlie^^hanieal as well as calorific and cbemical actions to wliieL it 
> k , The bauxite used for this lining was of tho following 

composition : — ' ; , { V 

. Aluminft »• ' < 5^*62 p6r cent. 

, ' - ‘ Peroxide of ivon 42;5ie ,, 

Silica ... .. 4 12 ^ 

Almost aU the aluminat^'^l?^^ are infusible. Siemens has 
taken advantage of this to make bauxite bricks, which have this 
composition : — Alumina, 60 per cent, ; sesquioxide of iron, 35 per 
cent,; silica, 3 to 6 per cent They last five or six times as long 
as the best Stourbridge bricks. JNiotbing has yet been found whicli 
resists the corrosive action of basic slags so we]|iir» 

Lime or time rocks, cannot be generally ram in commercial 
operations, because the carbdn^te, the only form in which wo have 
it, becomes caiistic under beat, and this, when left to itself, absoi bs 
water and falls to powder. It can be -used when an operation is 
continuous, but in no other case. In Styria the hearths and sidi^s 
of blast-furnaces are sometimes made of it, but they are generally 
quickly abraded and make but short campaigns. Lime is infnsihk* ; 
bricks of it are used for the fusion of platinum. It is, however, 
very easily acted upon by silica ; but when this is absent it is one' 
of the most refractory substances known. 

Magnesia made from the carbonate by driving off the carbonic 
a(rid is very refractory, if pure. , It is made into ai^ shaj)e that is 
required, and is one of the most refractory of substances. It ^vtls 
formerly very difficult to get the carbonate of magnesia, but largo 
quantities of it haVe been found ondhe island of Euboea. It can be 
calcined at a less cost than , ordinary lime, losing half of its weight, 
so that if calcined before it, is transported, the cost may be still 
further reduced. It contaiiw a little lime, silicates of iron, nnd 
. some serpentine and silica. Calcination the serpentine and 

. silica can be separated, as it is ^ily cruslred, but the most of the 
■^fcrk cmn be done by hand-piSkiug beforehand. ' Before moulding, 
it must be submitted to about the temp^ratuie it Js to undergo in 
the furnace, otherwise it would contract . It is then miAd with a 
certein portion of l<^s calcined piaterial, which k one-sixth fiu shn l 
fusion, and I0:tD 15 per cent, water by weight, and pressed in iron 
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jiioulds. If for any reason ‘-'either because there was too much or 
too little water, or because the material was" not properly 
or contains silica — the crucible is not strong enough, it has omy to 
be clipped in water which has been s^t^lted. with horacic add, and 
then heated. . r \i‘’ ‘ . 

11 le materials of whiupire-bricks lire generally maSe,, however, 
are fire-clays, which are hydra^'sUleatea of alumina, containing 
from 50 to 65 per cent, of dlica, 30 to 75 petvCei^ of alumina, 
and 11 to 15 per cent, of water. The relation between the silica 
and alumina is exceedingly variable, owing to the fact that a part 
oF the silica (which is not always the same) is combined and a 
j)art uncombined. The quantity of water is also variable, as part 
of it is Iiydroscopic and can be drawn bflf without injury to the 
cLiy. Ilio plasticity generally depends on the water of com- 
bi iinlion, which, when driven off at a red heat, cannot be made to • 
comhine again. So that this property is then entirely lost. Fire- 
cljiy c^on tains, beside, a small quantity of elements such as potash, 
sola, lime, magnesia, and iron, and is generally less refractory as 
it contains more of them. When it contains from 6 to 10 per 
cent, it will generally molt. When the clay is silicious, 3 to 5 per 
cent, of other substances makes it fusible. When it is aluminous, 
6 to 7 per cent, of oxide of iron does not make it lose its refractory 
qualities, owing to the very refractory nature of most aluminates. 
When, therefore, the ex>rrosive effects of basic slags are to be feared, 
1 ‘hiiiiiiious clays must be used. 

Alnuist all clays contain organic matter; if it is present alone 
it makes the clay more refractory, since the presence of even a 
small amount of carbon tends to increase its resistance to heat, as 
in graphite crucibles. Pure material composed exclusively of 
silica and alumina would ;be completely infusibla Such material 
is, IioweviT, exceedingly rare. The property of mfusibility is 
always moie or less compromi^ by the presence of foreign sub- 
stances, which tend to damage it or take it ,away altogether. The 
clay, which according to Erpngniiirt is the most refractory when 
deprived of its hygrometrio . w'ateir|^^^bto the composition: silica, 
57 • 42 ; alumina, 42 * 56. ^ q 

While the refractory najtom pt qlay is due, to a very great 
extent, to its chemical comppsi&n^ uot due to it alone. There 

' > ' T' ' ' i' ' P 2 
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tsirp beds of clay in tlw world, 6r distant parts of 
g,'lT[^, "tj&l 'IbaTO exactly the mme composition, and yot 
i^'p6.?ery Boai^.of the saoie quality. The power to resist 
hei^l^'ilhdoabt^ly^ owing^'ih part td |he moleenlar condition of 

little studied, and is 

hat Utile ntiderstoo^- ’ JdiMl^/j^^^it>'^^P|'-wonld^be rejected from 
idUftniical analypis alone, ejtiE|;.:|(^|^B^^%and i^ practice to bo 
exCeUeut le&actoiq; niaf!e^^'i tt''^ha8^1^^ Wnd that the re- 
fractory nature the clay dapepds aim to a great extent on the 
tuechanicai arrangement pij"tW particles-; for of two materiuls 
haring exactly the mme chimiieil . composition, one being coarse 
and the other in a *£116 powder, the coarse may he practically 
infusible, while the i|pe yhayihe jimre or less easily fusible. Tim 
more porous the same substance 'is, the more infusible it will be. 
It may be said in general' t^ms tba|. the value of a given re- 
fractory clay will he iqversi^y os its coarseness and as the amouot 
of iron contained. When the amount of iron reaches 5 per cent., 
the material becomes worthless. This is true, however, only in 
general, for Pettigand cites an excellent clay from Spain, in which 
there is 25 per cent, of iron. This is, however, on exception, and 
will be referred to again. 

£a order to be useful, clays should be, or should be made to be, 
more or leas plastic, as this property is necessary to their being 
moulded into the many shapes required. This plasticity is owing 
to the ilnenem pf the particles, to the presence of alumina, and to 
the water of combination. It is diminished by the presence of 
-iron, Ume, and magnesia. The refractory nature of the clays, 
then, is due to the ptesdnm of alumina, and to the absence of 
potash, soda, Ume, wia gmwa , and iron. The characteristics of all 


fine days may be said to'^ 
that they make a paste wat^ 


hot effervesce with acids, 
is absorbed so rapidly as 


Id make a slight noisei This padte. can be drawn out wiihont 
bilking, and is very plastic.' solid, and break into 

asdi^^when sknek. They ‘’have a i^py fed, are scratched or 
- polish^ by the nail, can le W dbbooB With a knife, and 

appetiir -aotQewhat like quarry they 

havb.f 'moxd -dr- less festid odoh^i^^g of some 

deogcapoi^ .qrganio contain, ns 
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\Yc have scffli, either fflliea or alnmina' in e3t:e^’-'''Si]|ca m excess 
iiiitkes them rough, aud takes aM«7.ii^t'’^.;j^ir plastieit^ hnd 
toiiiicity ; alumina makes thiHn^ver)' ; ^^gpe^ makes'them 
very unctuous, and almost ^py, ba ^ j lte them fusible ; 

lime makes them dryandfaiil^; .-i|d|^|P.;Qth^1tnb8ta]»^«hange 
thoir colour, and, beyond'«ertam Vj^-i^rictod luiiifs, max them 
iusihle. The g^ and hrowh colours, up, to hMot, are ,6wing to 
a small percenilpB of bituminons material. ‘ White clays are 
generally considered the best, but there iS no certainty about it, 
AS they often crack, or even mdt. It is generally an excellent 
sign if they leave unbroken lines when scratched by the nail. 
It is, however, never safe to judge by the eye or the touch, as 
some of their chief characteristics apply equally well to materials 
not in the least refractory, and even those that are pccu$i|| tp 
them may be taken away by improperly drying them, by careless- 
iiess in storing or handling them, or by allowing them to become 
mixed with other substances. A preliminary analysis gives only 
a general idea of their nature, but it is not always a Siife. guide to 
the manufacturer, who needs fir>t an analysis and then an a^say ; 
for some of the most inferior clays, if we should judge by their 
analyses, give excellent results when used as mixtures. Analysis 
is necessary both before and after the assay, but there is a 
molecular force which seems to have more to do with the value 
of the material than the. chemical composition. The greater this 
force is, the less likely the heat is to overcome it, either to cause dis- 
integration or chemical nnion. If possible to do So. all clays should 
nudergo some process of preparation with a vievir ofpnrilying them. 

Every person using clays should endeavbur in' ^et a certain 
knowhdge of their {properties by assay. 'I'here have bera a num- 
ber of these assays published. The two sim^ei^ and best ute, the 
one proposed by Bischdflf artd'tbe, foil assay. " .y . ' 

Biseboffs assay is bvi^ :.oa the comparison of eVeiy^ clay with 
one from Garuhirk, in; Scotland,. «hic|( is tol^n as a type. For 
this purpose the clay to be exfimitt^jls Siixedi%ith one,, two, three 
to ten parts of quartz. ' tt is thsti^jj^^ to a known temperature 
iLud compared. If the diy, -mth^ ll l p g^^ ^ bKc^- Sets like the 
Scotch clay with on^ H iti so ohi .Jhe best and 

shuplost assay seems Wpwpipc, which con- 
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sistei in Btix0' quantity of clay with water, and then 

it out cai^fully on a piece of platinum foil in a very thin 
8hoetiit. whioh^ wlien completely dried, k submitted to the llame and 
comjkiped with ^ clay of kaolin prepared in the same way. 

few clays can tp used as found. They must be, as it 
‘were, suspended in some fusible material, which will prevent, as 
far as possible, the mechanical effects of the he^ and allow at the 
same time of a certain amount of expansion an^wiitraction, while 
preventing both in too great a degree. These materials nro 
generally caded “lean,” that is, they do not make a paste willi 
water, and require some binding material to keep them togetlu r. 
They are usually quartz sand or pulverised quartz, burnt clay, old 
bricks, serpentines, talc, graphite in powder, and not iniVequ(‘istIy 
Sm^ Ooke, when the ash is not to be J'eared, and when giapLito 
either cannot be had, or cannot be used on account of its high 
price. ^ 

Of all these substances quartz sand is tlie cheapest, hut it lias 
been found by experience that round grains of sand e.re less Iwibh^ 
to become thoroughly incorporated with the binding material ilian 
the angular pieces of crushed quartz, so that when a very refiac'toi y 
material is required crushed quartz is always used. As tijo eJay 
contracts, the quartz expands, consequently a mixture may lx' 
made which will not change its form ; but in a given case this 
may not be the best mixture for a special use. If the material lias 
only to resist great' heat, an excess of quartz is pi’eferable ; hut if it 
must also resist the corrosive action of basic slags ((days burnt at a 
high heat), graphite or coke can be used. When the mixture is 
made in the place where it is to be used, without previous hurnin.L^ 
it is generally made of one-fifth plastic clay and four-fifths burnt 
clay or qnaitz, or cme-fourth lean day and three-fourths burnt elay 
fit quartz. This is done to aV6i4 contraction. It is a most 
e(*onomical construction, even in bl^tTftirnaces, and is coming iiioro 
and more into use. * - 

The clay, when mined, is left exposed to the air under sheds, 
and is cleaned and careful.l|^riedj |t is afterwards mixed willi 
the substances with whic^pjP; is to> be incorporated, wdiich nm 
classifl^ Jby. numbers, varying 'according to4lie size of the sieve- 
holes thrdu^. which they will pa^>;‘^h6 quantity and (juality of 
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Iho mixture will determine the refractory nature of the material to 
be j)roLluce(l, A friable paste with large grains, and quite porots, 
K^sists a great heat. * One with fine grains, close and compact, splits, 
lit a high heit, especially if it is not homogeneous. The maimer 
ill which the mixture is made also induences thei quality of the 
brick quite as much as the material. In some works in Belgium, 
afier taking all the ordinary precautions to make the mixture 
])ei’l( ct, it is submitted to a succession of shocks continued for some 
time, until it is found by experiment that the materials are per- 
fectly mixed. It has been found by long experience that the bricks 
so made keep their form perfectly, while others made of exactly the 
same mixture in the ordinary way contract. 

Tlie quantity and size of the mixture dejiend upon the size of 
th(i article to be inanufjic’ured. When coarse grains are used, 
greater thickness must be given to the sides of the articles if they 
jire hollow, and they must be made larger if they are solid, thus 
giving a inecliaiiical cohesion where a chemical one is wanting. 
Tlie usual quantities of the mixture are two-fifihs to two-thirds of 
i1k* substances added to two-fifths to one-third of the clay, these 
(juantities i)eing determined by volume and not by weight. When 
('X)ke-dust is used it does not seem to have any decided effect 
bfjyond one-tenth. 1he action of coke or grnpliiteis to decompose 
the metallic oxides as they form, and thus prevent their union 
with the material of the crucible. Coke may be profitably used in 
the place of graphite wlieu the ash is in small quantity, free from 
iron, and highly aluminous. Beyond 2 to o per cent, graphite cannot 
be ])roIitably used, as it weakens the article and renders it liable to 
biertk. ^Jhe mixture wliich gives the very liest results for small 
ohjects is, however, worthless for large. It will generally be found 
lli.it the pieces which crack up and down in drying have had too 
mucdi material mixed witfcSteulay, and those which crack laterally 
have had too much clay. ‘ ’ * . 

Tlie very greatest importance, is attachedSu some industries to 
11 ' »t ha\ iug a mixture made by a mjaQhfoe. In most places even to 
this clay the inhuman method hf, heel jtoeodiug ft used, because, 
either from the fact tbat mor^-^Ja?®^:'®^^ or because smaller 
quantities are mixed at suits axe obtained. The 

more the operations repeated, the better the njaterial, 
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aud it is mpuftiitotodly that with tnechaoical means sneh a 
hottogaoft^fdKtte k not i^nced as can be made by hnm<in 
labour, beotajw'ibe whole object of tixe maobhie is to operate on 
large q[tiaiitifaei at % time, # 

^ !I3ie paste ioade, and the artide completed, it must be dried or 
" tempei^'’ ' This is commenced in the open air, and if po&siblo 
out of the draught. If the draught cannot be exdnded, the plaeo 
where the drying takes place is slightly heated, commencing at a 
temperature from 60** to 70** Fahr. and keeping it up from twenty- 
five to thirty days, then increasmg it fixnn 80° to 100°, leaving 
the artide as kmg as posdble, an aetiTe ventilation but the same 
temperature being kept up. The article should remain in a tem- 
perature of from 150° to 180° for at least six weeks. Brieks do 
not generally require such care; but crucibles and retorts do. 
Long experience has proved that there is a great economy in 
conducting this process of tempering as slowly as possible, and that 
it iufiuencee materially the refractory nature of the aiticle. 

It is found by actual experiment in crucible works that tho^e 
crucibles made from the same mi.\tiire, tempered during six to 
eight months, last more than three times as long as those whieli 
have been tempered only two; so that in general the older tlie 
artide before being burned the better. This desiccation, whilo 
perhaps it is the most important part of the manufactme, is iin- 
donbtecily the one most neglected. A poor article, well temixui d, 
is often better than the best which has been hastily dried. l>y 
working rapidly and filling up cracks as they form, m a too rapidly 
heated drying house, with a very liquid material, in order to secure 
complete penetration, both time and money are lost The matciinl 
never lasts neatly so long as when sbwly dried. In the works ut 
Andeime, in Belgium, large ^ecesi lUat glasshouse pots, arc kt'pt 
six mouths in the diying house befmMiey are burned, and during 
this time tlie grealed care is tdnm m'^event 'any air colder thnu 
the drying room striking thm. IL^ving the door of the drying 
luma^ open bes been known to crack the pieces, which had been 
up to this point most carcluily prepared and tempered. 

In reviewing the efieots ii^hiohij|bS difihrent elements con- 
sttttttmg refractory materials have, ||k find that the same element 
oft^ ptndnees exactly ooutraty aocordiug to the propuitum 
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in which it is present, and that^thereis nothing anomalous in those 
chects being so produced. , Silica causes^ expansion when highly 
heated ; so that the mould for sb4ping bricks most be smaller than 
the brick is to be. Every mixture has ' its particular rate of 
expansion and contraction. GO^is expsnaion not only takes place 
when the bricks are made, but if, when used, they are submitted to 
a higher degree of heat, they expand still farther, and contract on 
cooling to such an extent that at Bowlais the tie^rods of the steel 
furnace are slackened when the fhrnace is getting into beat, and 
arc tightened again as it cools. At Crewe, this is made self-acting 
by means of springs. At Crensot the furnace casing is made so 
strong as to resist the pressure, so that the centre of the roof 
arch must rise and fall, to lUIow for the expansion and contraction. 
^Vhell neutraPbrick must be had for any reason, it is mixed with 
just enough clay and burned brick to make it keep its form, and 
such a brick is generally less fusible, and contains less silica. 

Alumina alone, or with silica to the pro{)ortion of 30 to 38 per 
cent., i'i very refractory, but 3 per Cent, of it in a silica brick makes 
it fusible. In clay, or pure silica, it tends to contract ; and this 
tcudeitcy is greater as the alumina is in greater quantity, and the 
beat of manufacture has been low ; but when it Las been very 
highly heated at first, it undergoes little change. Though both 
silica and alumina aflect each other unfavourably, Bi-choflf found 
that 4 of alumina to 1 of silica, or 2 to 1 or 1 to 1, only. splintered 
before the oxyhydrogen blowpipes, making masses with a granular 
fracture. One of alumina to 2 of silica was fusible like porcelain, 
but somewhat granular. One of alumina to 4 of silica, and 1 of 
alumina to 6 of silica, melted like a thick enamel, wh^ch shows that 
the acid silicates of ahmiu^a^ftre m\ich more fusible than the basic. 
He also found that a mixture of aluuiina and silica wes 

less fusible than in a , natural combination, and 

that in general 6iiieat^^^Wy ,fcn:med> are more fusi^^ than a 
mixture of their constituents.^ The ^neral ^perty of alumina, 
when mixed with other substances, is to IbSnd them together. 
AVheii combined with iron or other^bases alone, it\ makes infusible 
alumimites ; but if silica more or easily. It 

is generally considenE^ ' p|!o alumina in a brick 

should be between 
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Tbo alkalies in small qnautitias make a brick Yusibla Tlicro 
is a great difference of opinion among those who have studied this 
sijbjc^ v?ith regard tp this quality, Snelus states positively that 

1 per bent, of alkalies in an otherwise good material makes it too 
ftihible to withstand high temperatures, liiley states, with equal 
positiveness, that he has found brick containing 2*73 potash to 
resist the greatest heat of a Siemens-Martin furnace. It is pro- 
bable that both are right, and that in the special cases alluded to 
the peculiarities w^ere owing to the association of elements. In any 
case, a material with a very small percentage of alkalies cannot 
be used. 

Lime alone is comparatively infusiblG, but in very small quan- 
tities in a clay, it makes a brick fusible at very high tcinperaiures. 
One i)er cent, of it with silica makes the most fusib^ brick known. 
Magnesia in small quantities makes the clay fusible. In very 
large quantities it is very refiactory. Alone, it is entirely in- 
fusible. 

Oxide of iron, in the absence of alkalies, may be present in 
small quantities without seriously affecting a cLy, unlcjss it is to 
be used for melting steel. If alkalies are present, any propoj tioji 
of iron would make such a clay worthless. Jf ho silica at all is 
present, 5 or 6 per cent, may not damage it. In a silica brick, 

2 to 3 per cent, of iron makes the brick worthless. Jf the iron 
were always to remain in the state of a sesquioxide, its compounds 
would be more infusible, and a large percentage would do no 
injury; but some of the sesquioxide is certain to become nH:luc(‘d 
to protoxide in the presence of reducing gases, and the result is a 
very fusible compound in the presence of silica. 

There is still a more deletefiohd and dangerous effect of iron in 
fire-brick, because its effects ate not at a high heat, but 

at a comparatively low ^ known, since the 

researches of Bf*ll and others, a brick contMiuuig iron 

is exposed, even at a low temperflirtiftii to gas containing carbon, 
and a part of this carbon is deposited near the iron, this lias oi’ten 
not Oiiiy caused, the brick to lose its cohesion, but may even burst 
it, m aS' throw down the iron walls of furnaces and the lining of 
flues;: presence of iron, thcrefc^e^ is doubly, to be dreaded, its 
temperatures being aa iefot^lous as at high. 
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As much as I per cent, of titanium has been found in some 
clays Little is known about it* but it acts like silica. 

BischoflF found tliat 20 of magnesia, 28 of lime, 47 •! 

of potash, or 40 per cent, of exactly the same elTect of 

making tlie clays fusible, and that when 4 and 2 of the different 
bases were used, the relat'oii was striking and in about the same 
(»nler, Tlie quantity of other substances required to make a 
})ouiid fusible depends upon the quantity of silica present: uie 
more tluj silica, the less the quality. 

Table XIX. indicates some of the physical qualities found in 
English fire-bricks. 

The essential qualities of a good brick may be stated as 
follows: — 

Uniformity : 

IJegnlai ity of shape ; 

Strength to resist the different pressures required under dif- 
ferent circumstances ; and 

Its reasonable price. 

No lUfiterial yet inanufaetured fulfils all these conditions, but 
lluTO seems to be no reason why, with proper investigation, a 
material should not be made to fulfil most of them. The me- 
iallnrgical world is nearly agreed that the refractory material 
of the future must be made artificially, and that it is hopeless to 
look for it among natural products. No brick can come up to the 
modem standard of iiifusibility which coritaiiis 5 per cent, of iron 
or 3 per ceny||d' combined alkalies or alkaline earths; yet the 
most infusible wick known — which in the roof of a Siemens-Martin 
furnace will resist during 250 charges, and then wear out by 
abrasion, when required to cOmo in contact AAUth metals, oxides, 
and alkalies ill a spiegel ^gjUJ^-will hardly stand twenty-five heats, 
while an iron pipe easily d^troyfed by heat, will last 

almost indefinitely in thfwae cupola, provided only a sufficient 
streatJlfrof water is run throtigh^ it. If' silica makes the best roof, 
it makes the worsi: hearth. Alum^, whgjat; present in very laigo 
quantities, even in the presence of a. small amOKi^t of silica, makes 
compounds whi(jli are almost ittfusible, that it should ho used 
f )r the fire-bridges and heartus,and npt piit into the roof, where its 
tendency to contract. WuIdjSndtoger iho sbiicture of the furi^ce. 
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Far too little attention has . l)e^a given to the abrasive' and 
corrosive power of coal dust carried by the draught, in 

gradually cutting and fluxin^||K the parts of the furnace ex- 
posed to its action ; and many of brick which are infusible 

in tlie assay owe their small power df resistance to its effect. A 
brick to be used when it is exposed to such action should always 
be tetited by placing it for a considerable time on the bridge of the 
f urnace where it is to be u^ ; for the destructive effects of this 
almost unobserved agency seem to be greater than those of long- 
continued heat. 

A good brick should not only resist high temperatures, but 
Ruddcui changes of temperature, without alteration of any kind, sue^ 
as crushing and splitting, and the like; and at a high tomperatur^ 
should undergo the le ist possible change of form. Shrinking ia>: 
generally due to insufficient burning or a too smili proportion of 
oil material in the mixture, and generally occurs in aluminous 
bii(iks. Its cliief evil is in allowing the flame to penetrate the 
o]»en joints, and give the dust an opportunity to cut between the 
bricks : for any cause which produces eddies in the flames, ^ch as 
hollows or projecting surfaces, is certain to effect the destruction 
of that part of the furnace. Silicious briclis have, on the contrary, 
a tendency to expand under the influence of heat. This is true to 
such an extent, that in the steel furnaces where they are used, pro- 
vision must be made for slackening the tie-rods when the fire is 
being raised, and tightening, them when it is being cooled. 

The crushing weight of an ordinary fire-brick when cold is 
from GOO to 1000 lbs., but some of the best have been known to 
resist as high as 30U0 lbs. to the square inch. To ensure the 
safety of the structure and the succe^ of the process, it should nol' 
only retain its power but Mtiiould not undergo any 

change of form, or soflcwC^aterially under long-continued heat, 
and at the highest possibl^ t^peratores support more than 
double the strain required^ without alteration. , In the walls of the 
fireplaces, those brinks will be best ^Moh are dense and contain an 
excess of silica. In the arch' they uliiould contifiu an excess of 
alumina. In the arch th^ sho^id be u^ly pure silica, alumina, 
or magnesia. Bricks in a roof give 3wt from shrinkage, cracking, 
or splintering; ti^e ktter tal^ ]^laoe when silicate bri^ are 
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nmde of impure mixtures, usually from too much fine material and 
bad burning* Bricks which $^|||^ble to splinter are generally 
cross-grained and dense, with JHplall conchoidal fracture 
made from iinpro^r mixtures* §jad when, from improper burning, 
they ring like a cracked vessel. All good bricks wear off evenly. 

. No matter how good a material may be, if its price be so high 
as to prevent competition, it might as well not exist. Hence any 
effort to furnish a good material should have for its aim pro- 
duction at the least possible cost. 

In discussing a refractory material in a given locality, there are 
to be taken into account — 

The clay and other materiids to be had 
The ore or metal to he treated ; 

The fuel to be used ; and 

The foreign substances in the gangne of the ore or metal. 
Whether to use one clay or^a calcined and raw clay, must be de- 
termined by direct experiment, and then the size of the grains of 
the mixture for the given use must be determined, for each sub- 
stance is more or less refractory according as it is coarse or line. 
Tims, in Belgium, a porous material with a largo grain is used for 
blust-furnace brick, but a fine material with a close grain for coke 
furnaces. It must then be ascertained whether the mixture con- 
tracts or expands, for clays expand between and Jtli. The ways 
in which the material tempers must then be carefully studied. It 
is not sufficient ouly to have a good material, for almost as much 
depends on^he manipulation as upon the material itself. To 
temper pro]^iy, the elay and the manufactured article should both 
he dried gradually and uniformly. It must be fired evenly, and 
the temperature slowly raised to the proper point. The brick or 
other material once made; should from dampness, as it is 

porous, and likely to absorb moistn^^^d should be heated bfdbro 
, being used in the furnace, and put in' af a high heat. If it is to bo 
put in blast at once, especially with silica bricks, the temperature 
a^hpuld he as high as the hand can bear. If the furnace is to be a 
time standing, this precaution is unnecessary ; but in the two 
last;<^^ the furnace must be dried very carefully and slowly. No 
brick which has been dressed should ever have the dressed face ex- 
pos^^illl flom^ Without the ohseryalion of .t^e precautions, 
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a very good brick may give a very bad result. It is too mneh. the 
habit of this age to get quick and thif has led some blast 

iiiiiiiiigors to boast that steam'i^^ilesning from the top of their 
furnaces while cast iron was beio^ tajjped from the bottom ; under 
snch management we never hekf of long campaigns, but very 
frequently hear of disasters. 



FlO. ^8. ' 


It is thus seed that a brick that is good for the cupola would 
1s> worthless for the reverbmtory furnace; that which answers 
well for iron generally would |w worthless for zinc ; and a omeible 
which is excellent for steel cannot be used for brass. It is the 
way to realise progress, to pitalyse natural substances until wo find 
the right one, or fspeated! fxials^ and depend upon ^them 
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aloiie. 4|1 llSI^eBtigatiojis go to Bhow that we should look for 
artifioiltlvTwd hot for, uatural o^ ^jp unds, aud that when we have 
made a ihiitore^that has stood]^^p||; W6 are then to examine and 
analyse it in order to repro^i& in this, as in many 

other cases, is very olt^ OWmg4%^^ipong application of good 
m^terialg rather than &tilt in the 

To assist founders- and othc|^ m ordering their idre-bricks, the 
various^ manufacturers of standard shapes 

and sizes. Those usua% rCqui^. m oirii^^ foundry practice 
are included in the acoompanying illustrations (Fig. 68), giving 
dimmisiohs and name of each type shown. In order to reduce the 
wa^j Cfitch of ’the types or shapes of fire-brick illustrated, is made 
in fcoin three^ to four different sizes, so that, for instance, when 
patofaihg the lining of a cupola, different thicknesses of scones are 
required and .are therefore kept in stock; otherwise the laborious 
and wastrful method of splitting has to be adopted. 



CHAPTER^ 

OBTOIBLES. ' : 

Crucibles are vessels used for the fusion of certain metals, for 
assaying, and generally for many other chemical purposes in which 
intense heat is employed. 

The use of the crucible appears to have originated with the bid 
alchemists, who were in the habit of marking them with the sign 
of the cross, before commencing their operations ; whence the deri- 
vation of the name. The principal requisites of a good crucible 
arc, that it should be capable of enduring the strongest heat without 
becoming soft or loi|j|g much of its suUtauce ; that it should not' 
cnick on being closed to sudden alternations of teiiiperature ; that 
jt. should withstdPl the corrosive effect of the substance fused in it; 
and, lastly, that it should be sufficiently strong to support tbe 
weight of the molten metal when lifted from the furnace. 

Crucibles which become tender at a high temperature are then 
liable to break or crumble when grasped with the tongs, and are 
very dangerous. 

Clay crucibles are made of fire-clay, mixed with silica, burnt 
( lay, or other infusible matter. 

In order to counteract the tendency, elay has to shrinking at 
high temperatures, the other BubstanceS'^gjj^, mixed with it. The 
proportion ot burnt to raw clay may be but two-thirds raw 

clay to one-third burnt clay is a very oomtoon i roportion. It is 
ne(*('ssj\ry that there should be a sufficient quantity of raw clay to 
produce the proper degree of plasticity for working. 

The unburnt fire-clay must be ground, as must also tbe burnt 
clay, the latti^r generally consisting,^ old crucibles or glass pots, 
which have been exposed to high temperatures. The surfaces of 
these old pi)ts must he, cleaned from all extraneous matter, and 
any vitrified coating chipped off. 
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foOmiKi 4Mi> c&sma. 
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pttre silica ore 
1 addition they are 
l;i^]pi||on8 adinixto^ as lime or iron ; 
ieau str^agth^sd by additions of 
yiai&i ^^iiA W^^^jjiidifiaM, w^O powdered coke and 
■plunibagp. ••'/' ■■'_''■■ 

The ce]sla:ated'']^^^ 4 Qjl« 6 ib ate made from 8 parts fire- 
clay, 4 partaddaekdeaii^ coke, d parts old ground 

cmoibles. Ano^^ niii^nie parts fire-day, 1 part ground 


oand'.me jt 


The materials sbonld be as free firom lime as possible, well 
knjE»ded together, and dowly dried in a kiln. 

When fire-clay'is not oaaily obtainable, as a substitute for it 
steep common day in hot hydrochloric acid, wash it well with hot 
wafer, and dry it. 

The/crudbles in most common use in Birmingham and its 
neighlionrhood, as well as in Sheffield,are made of a fire-clay found 
near Stoari>rid^, which is generally mixed some other sub- 
stanM, such as powdered coke, in order to lessen its .tendency to 
contract when strongly heated. The followin|fl^ are about the 
average proportions: 4 parts fire-clay, 2 burnt clay cement, 
1 grouhd coke, 1 gTonnd pipe-clay. These Stourbridge clay 
crucibles, or casting pots, are .only carefully dried, but not burned 
until required for use, when they are put into the melting furnace 
first with the mouth' dovtnward, and wh^ red-hot are taken out, 
and put in again, with the month upward. 

The meltipg pota’^pr erudbles employed by Mnsfaet in the 
manufacture bf cast . homogeneous metal, were made by 
mixing kaolin or ch^|||fey .with black or grey fireHslay from the 
coal measures, and.- j^^tnsed old pots, the days being passed 
through riddles having 64 to 100 meshes to the square inch. The 
proportions used by Mnsbet are 5 parts by measure fire-clay, 
5 parts kaolin, 1 part old pot, apd i| purts of coke-dnst; the 
jpgredients bpipg well mixed, .ar^'i^iPP. kneaded, tempered, and 
jpouldcd in ihe'nsnal way. 

n^rid firoffi which the piMt zefiactory emcibles are now 
mai^>;fe phimms^ OT black-lead, This %otie pf .the VMions forms 
ap6ippi4d''%7. 'par jli^^ Pd in ife is; ^ identical in 
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composition with the dtomebd, . althoogh so vny different in its 
strnctare and physical oharabte^ a few years ago the nse 

of black-lead or plumbago pofe ifei^;|mosiT<^7 lOpnfined to melters 
of precious metals, bat they are it6W:.4||^td6y^ ^ melting all de- 
scriptions of metal ; and large nambeia ^t^m ue ased by brass- 
founders and otheni. ' •' iv'V 

In making the crucibles; the materiid^.oimWBt»ng.'of -about one 
part lire-clay to two parts plnmbt^o, iffe, ffiat ^und to powder 
and sifted, after which they are mixed, the clay b^llg. added to 
give a sufficient degree of coherence and plasticity. 

The advantage claimed for plumbago crucibles hi that they are 
durable, and that they effect a great saving of time, labour, and 
fuel ; but on the other hand, an objection to black-lead pots, inde- 
pendent bf their cost, is that they are unsafe for the workmen. A 
clay pot, at steel-melting beat, is as tough almost as leather— it 
may be beaten flat, but cannot be broken ; while a black-lead pot 
remains brittle at any heat, and the puller out or the teamer can 
never feel quite sure, in handling a partly worn-out pot, that it 
may not be crushed under the pinch of tbe tongs. 

Krnpp, at his famous Essen factory, uses plumlrago for his 
steel crucibles. Each crucible is only used for one melting, after 
N\hich it is ground up, and used over again for the manufacture of 
new crucibles, with the admixture of a certain proportion of fresh 
pinraljago. 

V\ hen it is necessary to protect a crucible from the corrosive 
action of the material to be melted in it, it mm be lined with 
charcoal powfler, or black-lead. In a small crucible, the powder 
may be made in^ ,a paste with e little, gum-water or trea^, and 
rammed into |Ki^eible^ the' centrtdi^eac^ty being afterwards*, 
shaped by a sn^^mmer of the dos'ted '^ih. 

For larger crucibles a mixture powder, or powder 

of gas-retort carbon, or gas-tar, may'^^plO|.i^. ; 

To test crucibles as to power protoxide of 

lead, or a mixture oC ptotomdq cl leild of copper, is 

melted in the cmdWm If pracmeated or 

corroded hy this miki^. tb « ^1^ short time, 

it may be considered ^^1^ of bicdinajEy coirosiens in 

practice. As a rule, and corrosion 
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in the proportion of the fineness and regularity of grain, but their 
tendency to crack is increased in the same rate, 

Cornish cracibles are principally used for assaying copper ; 
they are made of a clay found in some parts of Cornwall, and tlio 
smaller sizes are capable of resisting sudden alternations of tem- 
perature— a quality which is probably due to the large proportion 
of silica mixed with the clay ; but they are rapidly corroded by 
molted oxide of lead. 

Hessian crucibles were formm-ly employed to a much .groaitjr 
extent in metallurgical operations than they are at present. They 
are made principally from a day found at Gross-Almerode, and in 
their composition resemble very closely the Cornish crucibles. 
The form is triangular, and they are generally packed in nests of 
six, the smaller sizes fitting into the larger, lliese crucibles av(‘ 
tolerably lasting at . moderate temperatures, but are apt to fuse 
when exposed to very great heat. 

Several kinds of French crucibles are manufactured, some of 
which are of very excellent quality, especially those of IVauCay, 
called tbe creusets de Paris; and those of Deyeux, termed creiisets 
de Saveignies. Both kinds, however, contain a large percmtngo of 
oxide of iron, which renders them objectionable for some purposes. 

London crucibles are of a reddish-brown tint, very close grained, 
and capable of resisting tbe corrosive action of oxide of lead, but 
liable to crack when suddenly heated. They are made of various 
sizes, from 2i inches up to inches in height. 

For special ifietallurgical or chemical purposes, crucibles are 
sometimes composed of platinum, lime^ bone-dust," magnesia, pure 
carbon, and other materia,Is. . 

Crucibles are made of various forms and 6iztti|!f^ording to the 
kind of work for which they are intended ; thoso^ed for assaying 
are scarcely larger than a :lady*s thimble, while others made for 
g’^sineihg shot will hold as much as 800 lbs. of molten zinc. Some 
lire nearly cylindrical, others triangular^ and others skittle-shaped. 

Fig. 69 shows tlu^ pot and cover employed in melting st^el, 
, while Fig. 70 is a common form of crucible for braafS and the like. 
Small crucibles are generally kiln-biufut before being used ; larger 
crucibles are usually dri^ gradually in bot stoves. 

WbereVthe crucibles (or pots^ as are 
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niaclo of fire-clay and upon the wor^^ the pot flask, or mould, and 
ping are commonly of the form 72, The pot mould is of 

cast iron, with two ears oast upon it to lift it by. Its inside is the 
sliapc of the outside of the pots ; it is tutued smooth, and is open 
at the bottom as wetf as the top. There is a loose bottom made to 
fit, but not so small as to pass through; this has a hole in, the 
contre, tliree-qiLirters of an inch in diameter. When in usse it 
stands upon a low post firmly fixed in the ground; w^jiich also has 
a hole 5 or 6 inches deep in its centre. The plug which forms 
the inside of the pot is of lignum vifm ; it has an iron centre which 
projects through it about 5 inches, corresponding in size with the 
hole at the bottom of the mould. ^ 

Tlie clay for a steel pot weiglis about 24 lbs. ; it is moulded 
u 2 )on a strong bench into a short cylinder, and the inside of the 
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mould having been ^vell oilpd, the clay is dropped into it, and the 
plug, also oiled, forced intathe clay, while the projection finds the 
hole ill the loose bottom in the centre of the mould, which guides 
the plug. The plug is driven down 2 or 3 inches by the blows of 
a heavy mallet on the top of the iron bead ; it is then taken out to 
be oiled again by putting a piece qi|^3^d iron through the hole 
in the iron head to lift by, giving iCal %hj9 same time a screwing 
motion. It is then driven by the mallet; while the clay, rising up 
between the plug ana the mould, reaches the top. The clay is cuf 
even with the top of the mould by passing the knife round be- 
tween it and the flask or mould several, times, holding it inclined 
towards its centre. TM niould is now taken and set with its loose 
bottom upon a small post fixed in floor, and the mould gently 
allowed to rest upon it. Thia,pu|h^ up the bottom with the pot 
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npoa it ; libie liekt^. ^lled with a hit of clay, the pot is 

finished. . 1^^.ihe..|K>te. afb^fficiently hard .to hear handling', 
th^ az9 plaebd to dzy upon rows of shaves againcA the flues in the 
fontitee, where they zenudn t^ to days, and before 

use j^y aie ahh^ed by .l^g piae^;frop.flevent^ to twenty 
hoars ill I special wnealiog fnmac^ a^^ they are taken directly 
floni tiiu and placed for use hot intcf ^ laeltuig furnace. 

Orucihle^axe fiequeutlyjmade oii an. ordinary potter’s wheel, 
and special nmcbines are' hlso en^lpyed for the same purpose. One 
of these, T. Y. Morgan’s marine lor making either large or small 
crnoihles, is illustrated h^ Fig. 71. The peculiar mechanical 
arrangenikni consists in fitting the former, or forming tool em- 
ployed in tha i^paratnfl, so that in addition to being capable of 
an ap<«nd-down moyement, the former is free to be moved' and 
adjusted hbmontally Ss &e.cmcihle is bmi)g moulded, and accord- 
ing to 'the ieqtuied-.aiie or thickness of the crucible. 

When a cruciUe is to he nmde the frame is pulled down to 
cause the Ibm^ to eider the plastic material,, which is placed in a 
mould, on a reTOltiug lathe ta. jigger, as usual, and when th(‘ 
former reaches the bottom of its course, a catch, on one of the 
uprights secures the frame in position. The threaded rod is then 
turned, to canse the former to move horizontally, and spread the 
plastic material against the side of the mould. Finally, the buck 
eud of a lever carried on. iho' t^p of the &ame, and free to move 
backward by means of riot or otherw^,.is inserted into a hole 
formed for the pntpose, and its forward ^id is pressed down by hand, 
so that the: lever bears forcibly upon the frame, and prevents all 
vibration or movement Iri ' ^6' former. When the crucible is 
finished, the handle is tuii|'i^;i%l;i^ the fonn^to the centre of 
the crucible, the lever , out of its bole, the catch 

released, and the ili ' by< a balance-weight. The 

; 4 ^wration is then repeated ^. ^,'n^i^ edible, and so on. 

In Fig. 71, to the left is a fi^t^^aj^on> and to the right is 
a section through the line M(:ng»|i*s appsxatns. a is 

the former, or forming tool; it Is fitte#,:^~ a hlorii h, which is, 
as stated, free to he moved." in a frame o 

hy serial hf, a. ihread in a 

nut in the.^dsitf nuts 
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on the frame e, and the rij^t-haiiid -ei^l & jf^vided vith a handle 
g, which is turned according block h are re- 
quired to he moved. The witti(ivie..np and down in 

slots h, formed in two w^^^donnterbalanced 

by weights k on 11m end <Qjf ever pulleys 

and connect^ to the fkttme. ' ,»'» a ea^^oil to secure 
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0 is the mould into which the plastic ihaienal is fdd ; this mould is 
Ciirried on an ordinary, lathe or pgger tq yrlli(di''ro|iu^ motion is 
ii|piirted as usual When the finune^C js catch », 

nM the mould is to ei6tefw='<d:y^. tinted by its 

handle SO as to^iitnse fhe and 

spread the plastic materiUtl and when 

it has been moved by a 
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scale on the the hallk md of a lever q carried on the top of 
the frame .and move by means of a slot is in- 

serted into a h(de forint m an.npright, and its forward end is 
then prised doym ;% the attendant ^ that this lever bears forcibly 
upon the frame d ^4 prevents filfratian or movement of the for- 
mer. When the crncibla k finished^ the handle ^ is turned to 
bring the former a to the centre of ;^the crucible^ the lever ^ is 
moved forward out of its^lioie^ tilie (»itch:W is released, the frame 
is raised up, and the mbnld is removed in the ordinary manner ; 
all being th^ ready for the next operation. is a horizontal bar 


under the platform and hinged at w, while its front end extends 
to the front of the apparatus, a? is a block on the bar u, and y is 
a collar on the lathe-shaft. When it is required to stop the revo- 
lution of the lathe, the attendant moves the bar u on its hinge iv, 
so as to bring the block x against the collar y. zis a horizontal 
bar or guide for the bar tc. 

In the prfi^t day the (Hmeumption of crucibles is very large ; 
they are extensively emplpyW;l)y the brass-founder, the gold and 
silver refiner, the mahufacl&fHEn of cast steel and gun-metal, as well 
win the melting of zinc and copper, in the various operations of the 
^nalyfacal chemist, assayer, and in the production of the coinage of 
.di^erent countries. 
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CHAPTEB X. 

BLAST^ BLOWING ENOIKES, FANS, AND BLOWEB8. 

It is desirable that the blast for cupolas should be adequate in 
quantity and pressure for the perfect combustion of the fuel, but 
not greatly in excess of what is needed for that purpose ; it should 
be delivered as free from moisture as possible, and in a ped'ectly 
uniform stream. 

The pressure of blast required varies according to the nature of 
the fuel employed ; it is seldom that a greater pressure than from 
2 to 8 inches of mercury is necessary, and with soft coke a much 
lower pressure will suffice. 

If only for the purpose of supplying perfectly dry air to the 
cupola, it would be advantageous to heat the blast on its way from' 
the blowing engine or fan ; hut by still further raising the tempera- 
ture of the blast by passing it through regenerative lire-brick stoves, 
a considerable economy in fuel ivould be obtained per ton of iron 
melted, without any deterioration in its quality taking place. 
Blast heated in this manner can be readily brought to a tempera- 
ture of 1300° Fabr,, or can easily be regulated to any lowet 
temperature desired. 

The blast may be obtained by means of either blowing engines, 
fans, or blowers, any one of which answers the purpoi^ as to quality 
and quantity of air supplied ; questions of cost and convenience 
principally govern the selection of the power to be employed. 

Sometimes manganese or other reagents are blown into the 
cupola, when the iron is required for chill castings ; it will be 
easier to send these into the cupola by means of the blast cylinder 
than by a fan. 

The supply of blast must be regulated as to intensity of 
pressure and quantity. 

If k “ cutting ” blast is mnploy^ of too high a velocity, it will 
blow away a considerable quant%^ smal| unburnt fuel. 
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is too “soft” or feeU^ mnoih^lif the fad will 
be bar^lpho^t; doing ijb duty, and if the pressoira was allowed to 
£ill bdoi^lki-^hearte^ amoiint woqld ecnnnme an almost 

uanm^^ iohcraoi nf find, witbootat-any pert attahnhg the melting 
pcant 'east mm. 

The <^aantity blast necessary .£i» any giwea onpcla depends 
n^n so many vaiying and distorbing dements that experience and 
judgment most be mainly tdied npon toestimate it. ' The effects of 
the blast are by no means difficult to bbserre : if there be too small 
a supply, impofect combustibh will result ; if the supply be too 
large the consumption of fnd 'will be increased, and much of its 
heat wiH be wasl^ being carried away too rapidly through the 
cupola. . • . 

Well-made blast engines with double cylinders and double- 
acting blast give much more economical results as to 

useful effect ’d^n|id from a given power, than can be obtained with 
the best possible fan. 

General Morin made some experiments on the duties of fans, 
and in one instance with blast of low pressure driven through long 
passages he found that the useful effect of the fan was less than 
U’07 of the steam power required to drive it. 

The quality of the iron is much influenced by the quantity and 
intensity of the blast ; if these or either of them are deficient, an 
inferior pig iron may give off sulpbnrons fumes, run tliick and pasty, 
and make bad or inferior castings, whilst the same iron with more 
favourable conditions as to blast will probably lose much of its 
sulpbnr in the melting, and when tapped will turn out tolerably 
workable iron. 

Any description of apparatus which will give the requisite 
volume and pressure of blast wjiiih regularity can be adopted without 
in any way affecting the qu^y of the iron; bnt there are 
anm^us other considerations to studied as to the selection of 
t^inratoB, such as first cbsi,'^opmy in 'working, power 
loqnlnaff to drive, compared with duly in the, sbi^ of useful blast 
yielded; bOQvmuence for position, and safety. 

or waterfall blast machine, 8u<ffi as is used in 
Fianw Slid! iQera^y. is an efficient blowing madiine, bnt it hi only 
availal^ 'ilThm there is a ri^lar.shd'ibhhdsut flow of water, with a 
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considerable fall. soorce of power k noi often fbnnd in Eng- 
liind, but in othejTmnntnes it hae been largely applied, althongb 
the blast obtained by its use ie general^ ooujpletdy satnrated with 
moisture. . .'7/ • , - 

The tromb is a chmp and ^pl^ Sif^iamtaa to' constmct, and 
when the water supply is sati&ctory'will g^ve a good pressure of 
blast. It is therefete well^ -adapted for ^ use abr^ or in the 
< 'olonies, where machineries costly, a8^1li|^<i^le apparatus can be 
made of wood, consisting as' It does merely H a vertical tube, and 
a large separator below in the form of an inverted tub. 

Blowing Engines are nCw made by many eminent engineering 
firms, and all that is necessary for a proper estimate is informaticm 
as to the quantity of air required per minute, and the usual warding 
pressure. , 

The old-fashioned single blast r^ii^der is ahn^iltoerseded, on 
account of the difficulty experienced in ohtaiuilHPpgalar blast, 
although this failing may be remedied by having $ legnlatoi or 
reservoir of sufficient size provided, with a loaded piston. 

Horizontal cylinders, each double-acting, and arranged in pairs, 
are frequently used for the Bessemer process, and give a powerful 
bla^t. If well proportioned they are economical, and work quietly 
and steadily. 

Three single-acting cylinders^ with a fourth cylinder acting as a 
regulator, also give a uniform and powerful .blast, bnt are more 
cx| eusire in first cost. 

Blowing engines have this great advantage over fans, that the 
pressure and volume of blast is much more under control ; bnt in 
nearly every case where they are employed, it is neceasaty to have 
a “ regulator,’’ so aa to obtain a nnifutm flow Cf blast 

It is advisable lb have two complete sets of horizontal engines 
and blast cylindei^ disebarging into a large dty regnl^, and 
supplied with steam from boilers of such strength and capacity 
as to be able to give ample higb-pressnre steim for any work the 
engine can ever be .called qd, to perform. 

Such plant is necessarily .mmew|M in small works, 

or in new works where thn. '^|||^ ~,il et blowers, 

will be generally than 

blowiug engiaok 
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FOUNDING AND CASTING. 


A and B, Fig. 73, represent two forms of common fans. In 
general consist of a central spindle, np^" which are hiiui; 
from fonr to six arms, meeting on an eye at the centre, through 
whicb^he aide pa^ed, and by which they are fixed to the axle. 
Upon each of these arms a blade is generally fixed, by rivets or 
bolts; the assemblage of blades constitute, the propelling agents. 
To render them effectual they are encased in a round box, adapted 
to them, having a central opening side, for the admission of 
air, and an opening in the circumference for the expulsion of air, 
with a short passage in continuation, to connect the air-passages 
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leading to the furnace. This case should br||rong and heavy. 
By the rapid revolution of the blades upon t^is axle, a strong 
.current sets in at the centre, and is propelled along the air-passag(‘H 
to the cupola. The journals of idio axles should be long, with 
the view of dispersing the great mnoupt of fricticm to which they 
are subjected, by running in thoir bearings at such a high velocity 
as is usually (wmSunicafed , to th%i^xle.\ Unless these parts ho 
very well .fitted, and the framewoiS;of; the aarms and blades per- 
fectly firmly ^ed upon &e ^ greatest dilli- 
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It is easy to see that if there be a very dighl want of eqnilibrinm 
in the machine, or, in other wor3s, if the centre of gravity of the 
moving parts does not lie in the axis of revolution, there will be 
an amount of centrifugal force created during revolution propor- 
tional to the eccentricity, which must be borne by the axle. 

Lloyd’s Fan is shown in vertical section and plan at A and B, 
Fig. 74. The outer case is cast in four ^rts, the two upper of 
which are bolted permanently together, and aleb the two lower. 
The horizontal joint through the centre admits of access to the 
internal parts without disturbing the foundations. SS are the 
bciirings, and T the driving pulley. U is the internal revolving 
cjise, called the impeller, having sheet-iron discs V Y fixed on the 
side edgf‘s of the blades. XX are turned brass rings fixed on :j||e 



discs, and fitted up against cast-iron rings bolted on the outer 
fi)rmiiig the centre opening through which the air enters the fan. 
Y is the discharg||||||^, and Z Z the feet on which the machine 
stands, and by wlJffit is bolted down to the foundations. 

The difference rfetween this fan and those of ordinary construc- 
tion consists in the 4(>rm of the internal part IJ, which may be 
described as a revolving case, having six curved arms cast in one 
])iece ; on these are screwed curved sheet -iron blades, of the form 
shown at A, Fig. 74, on the outOT edge of which are fastened the 
sheet-iron discs V V, previously feentioiied. The total area of the 
openings at the circumference, as also the total sectional area of 
the internal passages at any distance from^ the centre, is equal to 
the areas 'of tiwa Jt wo central t^peiungs in the sides of the outer case. 


238 


fOUSDIKO AND CASIUta, 


0. ScUele’s ¥an has been very hrgdy em^yed, and possesses 
a good .many ^mirable fOatnres. It is simple in (xmstractioii, re- 
q.nu8B Tery litl^ to drive it, gives a good Tolome of draught rela- 
tively to its siz^ and is nearly noisdess in vrorking. Referring 
to ]^ig. 75, it will be ‘seen that B , is an edge view, partly in 
section, and A is a side view with one Sida^ the casing removed 
to show the interior, with the revolving po^bn of the &n in its 
position* 

A is B disc, on the perij^e^ of which blndes of the form repre- 
sented in ^ figures ara mounted. The blades are supported on 
their baths by means of ribs F, which, with the blades A, spring 
from ^ .periphery of the disc A. This disc, with the blades and 
Stipporting brsbkelA niay be Constmeted even of the largest 
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' dimensiona in one solid. |deoe, either by casting or forging. B is 
the spindle, on which the disc A is mount^|||||tt,runs in the hear- 
ings 0 ; the spindle being of wrought iron,'^m cast-iron bushes ; 
these bearings C are cast with and form pm of the casing 1), 
and on the top of each of them is an oil''cnp X, to hold oil to 
Inbricate the spindle. The radius Of the disc A is larger than that 
of the central openings E in the carings B for the admission of air. 
The. oaring I> is fanned of two, ^halves rimilarly shaped, but so as 
to form right and left sides ; each of .thm b^v«s is a curvilinear 
shape, carving, towards the inside,' and:, in the, .centre having the 
entrance openings Ji. . Thp 'td^es F aie ;eon8^ri^^f such a 
form, and in .stich ^portion to the' injriig;' ti||||Piey grndnaHy 
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widen from the periphery of the disc to s point beyond the central 
openings in the casing. From this point, they decrease in width 
as the casing narrows, and follow the nontonr of the casing ; the 
tips of blades F terminating, a eihoft distance frott the narrowest 
portion of the casing. Beyond the fiips of .Mie hht^ the caring 
slightly contracts for a '^rt distanO^ Mi.thai t^e.iaff, 4^ a dower 
speed, and which has gone beyond the blades F, ni '^wwted ^m 
returning, and so im^n^ng npon them. ' '' ' 

The following TaldeXX. ^res a few particnlam^i^^e dimen- 
sions and work of these fans, as stated by the makri|j^^ ;■>; 


Table XX.— PABTICULAE8 OP SCHIELE’S PAM 


Dianifter of 
Revolving Fan. 

Totib >l«lted 
|}er Hoar. 

PuUcj'a. 

JHametpr ot 
Biseburge. ’ 

Incbps. 


indies. 

Inezes; 

J2 

u 

8 

6 

111 


3 

S 

20 


4 

10 

»0 

fi 

«■ 

14 

'40 

10 

9 

18 

fiO 

20 

12 

^4 


At A, Fig. 76, is a cross section of Sturtevant’s fan, and at 
B is a side view, with the casing removed, of a smaller fan of the 
same construction, but differently mounted. It will he seen that 
twelve vanes are rigidly supported by a similar number of spokes, 
radiating from an axis, and having conical annular discs mounted 
on the same axis, the fan being driven by two belts to prevent 
tendency to wobbling. The air enters between the.spokes around 
the axis, and is driven forcibly by the curved floats whidi span the 
space biliveen tW^UBolar discs, being discharged into the. peri- 
pheral chamber, /^i^ee it reaches the horizontal.^ discharge pipe 
shown in the lowdl^'paxt at B, Fig. 76. Within earii of the band 
pulleys is an oil collector fi, which iutercepls Bupetfluous oil, and 
conducts it into the oU ohaiiib^ ,1, whence it may be drawn by a 
faucet. The shaft S is suppoded in tnWar bearings,, eustuned in 
brackets by means of ball join^, Wlh$e^ the bmrings are able 
to accommodate themselves to.. the while in irevol^<m. The 

oilers for the shaft are' near Im4 dripping wicks 

which lubricant in ^a^^.gttaii^it^ j the oil collectors H 

iuterce|j|f||l^|||||F superfluity ali^sdy sfot^i' The set screws n n 
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VOUMDING AND CASTING. 


afforci moans £br adjusting tlie shafl; lengthwise, so as to bring tbc 
wheel to iis proper position in the case. Sturtevant’s fan com- 
bines many of the features of both Lloyd’s and Schiele’s machines, 



its characteristic feature being the very long bearings given to 
the shaft ; and although somewhat complicated in construction, it 
has boon greatly used and deservedly popular in the United States. 

Fig. 78 is a half-sectional plan of H. Aland's fan. It is of very 
strong and snbstantial construction ; the vanes are so arranged 
that they act in effect as a double fan. 

The spindles are made of steel, and work in long bearings. The 
discs also are made of the best charcoal iron. The tremor of the 
strap axis is confined to one casting, by theji^beariDg tjlbindards 
being cast in one of the lower parts of the fan ^ng. The casing 
is also divided horizontally, so that the nppor]^rtion of the ctise 
may be removed, to facilitate the operation of cleaning, without 
disturbing the foundations. : ' 

. ■ In, fan machinery, simple as it is, we bave observed that in 
some instances monthly and eteh weekly , repairs have been in- 
curred, in 'consequence of the wt^t of 'exact babnee among the 
parts of the fan upon its ajde. With careful man^ment in the 
first contraction, this source of annoyance maiy W entirelv re- 
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movod. Another great faiilt ooEiSi^s of injudiei&ttB metliodd 
hringing up the speed a view to 

which it was certaihly, n0oei3(^^ vttk of as few intermediate 

shafts as possible, which of oopW V<& 5 prires that large pulleys shall 
drive proportionally spaaller pollj^j^^than if the reduction , 

of speed were more moderate! -On 

of many founders proYes'tStfWj sneed hv 
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the nse of a greater number of intermediate belt puHeyi^' ra]^r8 of 
any importance are not incurred for months and even yeia^f^ Vg^3^e 
great evil of. too rapidly raising the speed is the aptit^dietof the 
belt to slip upon the drums.;, for when slippiiig. occurs/ 
among the slower^iparts/of/ijm ;motieu,,.thl>d^ to 

sudden and violet strain^ un^u4 hpld .Up^^ the 

rim of the drum. 'The for.th^; st^te things is to 

a])p]y rosin and pitch to the _ the .belt to give, 

a hold. But the best ^ slowet 

parts of the motion, anil conveniently 

]a,rge diameters for ^ ■ 

A iiE^erlv conSt^Q^'lii^^l^i^ years' without 


?k i^tahy years' without 

v-'- - 
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snj IbnH in workia|[ they ird^nenily maho an 

uuplea<<iat whea 4meft at high speeds. 

The |Ki(^o& of the faa io it^hese ij» ^r^e^ly ecoeutnc. T'lo 
cpXduiKAQjr-dheteasing ^grinding pafisftge bettnea the tips of tho 
TUWa. senree to reeeiTe the Air from every pomt ot 

Athe droondlhreoee of the faa, and p^hoee a gefietal accnmulatin<; 
etroat^ of ur to the exit pipe. Tl^^V^ies of air having passe I 
the inlet i^pasong, end j^e jhwi of the vane, wonl i 

retteitt thp eame chenlar |ia^, wstii It not for the centnfngol Iok <• 
of I3;ie>e1h |j)jte to ita weight and ve^ty) impelling them iorn ml 
tovranjii^to'tipe of 'the vanes ; and this oontiimed action is going 
on, ||Bm wUovring particle, till they are ultimately tlirown 
agi^^lhOjifon chest, ahd are impelled forward to the exit pi| o. 
It ^ eentrifti^ ^ao^on that the air becomes im])elk(I .md 
aiiliiA^in!^^ gMetal stream. Bat there is a ccit.iiii 

vefooi^of the m Vanee which best enits this action 

‘7t hSe^heen found that the best resnlts are obtained when the 
lindfo velotd.^ of the tips of the vanes is neaily the same a^ tlie 
v^do^ vrhiifo a^ body will acquire in iallnig vertically a distam c 
equal fo tbejhuight of a vertical homogeneous column oi an. thi) 
'weight of virhich, one sqnare inch in section, is the same in etl( ct <is 
the bluet preMUfie per square inch. Thns, by fixing the density or 
preesnre of blas^ reqnired, the linear velocity at the ti[)s of the 
vauee Is readily phtained by the law pertaining to the velocitK s 
acquired by falling bodies. These resnlts may be verified by 
closing the dischoi^ opening, and running the imp Her disc at si 
speed sufficient to maintain the desired pressuie, when it will he 
found ihit the tips of the vanes mast move with nine-tentlis of the 
velocity (which is the mdst effeetivA speed) acquired by a liody m 
foiling tlm hmght of a homogeneous oolmnn Af Air, the density of 
which is equivalent to the denmty or pressure blast reqnned. 

The piessnre of the air in the pipe and chest, by the eontmnons 
rapid motion ci the vanes, maty' pieusonid by a water oi me r- 
flUrial gauge attached, to the hhJjpMtti!. w 
, Water is 827 -tipps. and mercury is 1.1 r> 

tifoen heavier thin hnevier than air. vo 
^thita^Mumn of helhnoe a columu 

of air U,1M imfoefti or A fldumn of 
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*1 siiii45*'<iiifc^iL-;ik;j^^ i]ia'''Oii’^’ i>i|i2tlhi' 



jh of If IB# .p« 
ill height 

"^"bi: 


tnmmy of 

inch ; a colttmilj|^ljl^mff;'^^‘|/iM 
square incL 
gives a presstit^'jfl 
inches of a .coloiip 
or density is 
inch by 8 . ’ 

The veil 
the rule to 
feet per second 

hy the diame'ter .ot'^i^;*^|^;f!^t; _i,.!l&i»"'la^ qu(^_ 
hy 1 • 209 (the eql^/pot o{|i^;^jP| 

is equal to the, ceatii&]^\{^<i4'[fq'_;^<in^i^ pi»' sqtii^tip^ 


^•)- 


divided by 
square inch. 

The degree 
been found' to wbri; 





|^‘'llia^lhii 8 ’^ 
; the'^ ; 


that is, the Bpaee^^:ween‘’the’w., 9 nd thfl;‘’'iim^|)^^i^ 


from three-eighths of anintih i^tbeh 

pipe to one-tenth of ' t^ d^Hhej^ il^^'I^Jh^j^iili^lM^ttiila^en' : 
dicularly nnd^ th||^pti^' 

nn... — >ha« Ij. tim<^a , 

^'iOO .fe^ In^length 5 for 


The 
the area of 




greater lengths it'should.bed^ tim^.thfhaMit: tho'^eliTery pipe. 

From experiinents niade'tb'«siilJ^ the' best.^jnibportions of, 
inlet openings’m the sides of the. hin che^^ and 
spending lengths of - vsp^ it W ^id ■%!* ,by.;^pe(^g 
free admission oii^t(i| the' vines, a loss OQpfti^ne^ 

it was also found j^ta^ WgervaTte 3iaai|#livitfei^i» t4ii^ 'i^ 

i i.. 


in the economy 
air and the ex|)eiit|pt:t^>Df 
length wd. 
openings. . 


of the 






^adi^i^bf the 
nttkmhf the 
ci the inlet, 

lii'lihbiiljtd be one^fouith 


the inlet open* 
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mg in the sides of tW &d cashig should he ^-half of the 
'1 he Table XXL gives the approximate i^iiXtStisiozis of fans lor 
obtoiiung the best results, varying from 3 to 4 feet in djiametd. 
The iSiM sh ttre the propiirtions for densities «»g?ng from 3 to 6 
ievuees pet square in(^, the second six are ftar densities 

* Tablb XXI,-.DI3fBKS[OK8 OF OOMMON FANS. 
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Table XXII. gives particulars of some exporiments inacb witli 
u largo fan used to blow the cupolas, Sec., at the London Woiks 
Birmingham. Although jn the earlier experiments only ,‘Uj to oil 
jwr cent, of useful eCTeot was obtained, eventually as much as 75 1 (> 
was obtained. No allowance was made for obstruction m the im . 
but the area of the tuyeres was taken, haying ta|ibr pipes Ic.ulitu 
to them, and the velocity of the air, multiplied by thepressuie, wa^ 
taken to leprcsont useM effect in horso-power. < 

A considerable difibrcnce in the amount d nsolul effect wn^ 
sometimes produced by the same power, but this arose either iiom 
a diifwenee in the area ol openings or in the pressure. When thi* 
pressure was great the result was generally aflhdted, it being oasa i 
^,get a moderate prcssiiriy|||i js faxi than a high ppe. In all c.iv ^ 
indicabw figures were taks||PiN;der to arrive at wpower employ, d, 
ttucl figures were also taken licpsxately without the fitn^ in order to 
get at the friction ol the engiimgpd'shafrhig. ‘ * 
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Tlie 4 ifi amthwietical tbo llidc^ 

4«liT«^ tei^alui^, and ihe were dcdm < <i 

4%^^&teei[|e iltonid «tt iil> the ext( u^ 


* . *t)>e jrf tile id( tils Usdes he about double 

thediwgtolwfl^i^MdAfa tb»<?ei^^ tiie be about two 

ibi]^ ludmB bf ibi ti;pe ii tiie blades ^Rie velocity of lli< 
tipsiof ^ bladtli tiuMild be iiatiifir more th<m the velocity due to 
fbe air at the jvesSaie re^tilred, say one-eigbth more velocity. 

In some oasei^ two Ms mounted on one tiiaft would be mou 
useM than, one wide ome^ in such an arrangement twice the au i 
of inlet opening is obtahied as oompared with a uugle wide fan ; 
such au arraiigement ntIQr be adopted where occasionally half tlio 
full %iiaitt% of av is reqnlMd, ns 0|e of them may hf put out of 
gear, thussiKitjtng power. '|||| 

If itijit considered necessary to provide means to v^ the arc|| 
of sdmistion tim delivery pipe, tins can be effected by arranging 
a segmental sSde to the circular fan casing, as shown in A and ]>, 
Fig. 73, when by moans of a ratchet and pawl the depth of the 
opening intoitiie delivery pipe can be varied, and the power re- 
quired to drive the &n dinunitiied. ^he air-shaft may lie built 
of bribkwork, in which case the inside sLonld be cylindrical in 
seefion, jUad the surface covered with a smooth chat of plaster or 
cement, out iron pipes with well-made joints are'by far tlie best. 

The inlet opening on the casting of thnibn should be provided 
with a bell-«haped lip ox taper flange all^|ktod, extending several 
inches outwards ; tl^in^rovngwnt adds to the asetul effect of the 
ftm, and toads to ieduo4 »)i|i|ei. , >■ 

Ifn Urge vnlnme of hlaeit j$ n^alnd at a |;pn4||pte speed, this 
can l^t he obtained by emidnytoti w* IMt irf Mge djnmeter, driven 
^^agmdetate^d ; but wheito ajiflgb ptost!^ mr great velocity, 
W is dwond, it IS ueitosikry to^dnve tilO tog toqiidly. 

no(,n4vieahle to &a Im^^ithan 8 feet in 

TnffW 4i4 4(to most osgfaiitfT mirposmi toto f( nbont 5 feet 


<»iy W obti^j^bwing Tsi^ V^hicli do 
not 611 thfj) oStingy phu'inj^ ti|fS|ttj|W^ casing, 

I ud foiming tim tostog a 
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’" * * n » »■ » 

Provide ampU ap«ttttr«^ ^4i exit of ^ air-; 

tvoid flliturp ttuns or in-dasgoin^ 

. 111(1 iittiug up the fw all he-secorely fixed 

111 position, BO that they wiljt be the great oeairi* 

filial iot|e brought Ott theU whep di!V{lb higbi as> if 

.uiy ])art becomes detached dai:i|>a||p 4 (pd 

jiiobiible loss of life will mstiei, * ,V * 

raiiB, especially when lai|^and drfT4h>ii^ a idgh ipeedl^idwmld 
1 ( w tiled 111 till round, and erery precaution adopted hes 

ot life, lu ca&e of any accident occurring to the &a uthiiyt^ >t 
m motion The castings for fens should be nitide tt88sive««as 
U-iidiLg to reduce the nbration felt when fens are woidfed at a 

liigb Batted. » 

Notls on tbx CoNsrsucifioN or Pans. 

Good J^imortiom. 


,<TV 

Jnlotr = \ diaitiiei^ of fail. 

Blades =as ^ diameter of fan e«iclL 
Outlet area of Uodes. " 


The area of tuyeres is l^t when about 

-= to are ft Of blades ^ ^ 

demiy ioi blast, 02s per wiTiu 


iiTul '^lioiild not exceed twice tbis area. 


A H Of ITY OP ClROtlM; 


*bB Oi FPLUJ V / Den si n as. 


\ cl > it> I f 1 1 cttmaieooow 
J t t |H r Second. > 

170 

^^0 ^ h» 4<f •* 


Uknslty oflMiiet, 
p»r likf.il. 

"a# ^ 

■d.'j-'itl ■ 
:•< J 


2<)0 to 300 feet ^ seeood is a pitipeij^ £w enpoltwi. 



‘248 


ywrNDINO AND OA&TINO. 
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(he Qmntity of Air, of a given Dimity y 
delivered hy a Fan, 
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I'.ms are less expensive in llftst ecst and repairs, for a giveu 
iluf}, than blowing engines; bnl lyben bigb pressures are re- 
( 1 1] 111 ( 1 , they take somewbat more povrto to dnHfrfi them. In otlicr 
Winds, the fan is not an ecohomli^l machine^ ia the sense of nseinl 

I ill ct for a certain power ; and Its *' dnfy ” decreases 

• a] idly as the speed is inerffitsed pst i$>e ^^p0se of,inerihisi&g the 
pK - sure^ blast. -SThe power for H^viDg* a Buji oj^'llsiw is geagrally 

I I st gifR by a sinidl higfa-pr^tire engiQs/ eommunioated by a 

h It. ** 



Fio. 70. 

•% 

Fig. 79 shows a vertical longitudinal section of a new type of 
fin,* lutiodnced by Messrs, Hodges and Co. of London. The 
mil its of this new type as compared with the ordinary fan, as 
'liown by the accompanying diagram, ate due to the novel com- 
bination of five different fans arranged ins pairs. ^ 
iiom the dkertion of arrows, that the air ia the first 'pkoe is drawn 
•lb ubUcil through the centred op^oingB at each side, and hy means 
ul the two outer fans A, A is disehar^ into the outer space at E E, 

* lUiwttatod in Jvm 19, 1806. 
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Y 

vhenoe it itn directed bj ismIIaI gtMiM to l&o centnd openings T) U of 
theBecoiidt«rojfi¥UB mB (snwdler thaal^ A^^Xiivblch in torn <li^- 
ohftrgd tbe a% id and is again Reeled aa befure to the c('uti il 
openings tlf D* tbe two cezrim fann> ^ase nltimately discbaiging 
: F, leading to ^ nainl By tbis ariangemeui ii 

’ * V ^ faa8,;^iTes the air under 
a due lo th#,idew^4<^^i^f A Biat th^yotal dii- 

‘{emM alt pmme th9 tild^ the air enters at A mtil it is 
disehargad at F isdWln^ Wiilfont ab excessive difference taking 
place in antf^Ofie pair of which, owing to tlx 

giadnaliy Spheasiilg pressure, has to deal with a smaller voluim 
[I'herefore each pair of ians in the series is made smallor and 
smaller towaida Uie eenlre, as ^own. 

The enrve A in diag^wun shows tbe maximum pressure obtuinisl 
at tbe different speeds stated on line HL. The most efficunt 
pressures, however, ate lower, and should not exceed two-tbirds ol 
those id>OWn on curve A. The curve B is therefore laid down io 
show the ihiMt efficient working conditions, with the cubic led ol 
air disohaJ^jlQ^ at the di&ivnt pressuies. 

Curve O shows the best average results obtained when pumpm*' 
or blowing air by means of am ordinary fan. The lelativo valin ■. 
represented by these entres, along with the vaiious laks ol dis 
charge in cubic feet per pinnte stated, will cuablo cumpansun 
to he made between' the merits of tbe new type and tbost uf tin 
ordinary fan. The latter older type, owmg to the (xcc'ssivo dip 
at tbe required pressures, is mldom adopted tor cupola woik, unless 
in cases where the amount df iron required is small, and the lato 
of melting or high effidem^ is qmtnpottaat. 

The apparatus now jgeBi(i{iy|y adopted fqt «n||o]s work, as dis- 
tmgtushed from a fiudi biofar, ia known as a pr^me bWi ■ 

• capable of dealing more sffibiently wilh large quantities ol .in 
. under pressures varying firmn H ^ 26 inches of water, by leasiin 
ofitapodtive action. ' , 

Tbeb^ Ukno'sn piaSBUre Idowsets noV in use are those of tlio 
JBcda*, Bs|f|!% Bamuelson's and l^ten’s types. ‘ 

Bd u a vertical towisversd bf Ordinary blower 

of the Boots’ type, from which it‘ will be seen that the an is 
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yiiM 80 . ^ ^ 

II) )11( a1>Ip rasi) centre frames Icie^ed to ^ dialing jAntfls, t^e Troml- 
woik being atterwards plabtd t» ijw 

1( ivo a minimum of clearanee 4t.lUij point 

thiuiiglioiit a icvoIntioB. In or<i[e!tj^'Mtti^,a'stifl 4|^r contact, 
viliich was necessary to avoid aSf^^ld^ip* i/fr'ictionlcss paste of 
llie lullowing compoedtion is app!|^j|lrMi)^ dU over the wooden 
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snrfoces by mettW tit » brash until every portion of these revoher 
Buriaoes are in oontaot at the pniper time : — 


OouK)smoH> 

Parti. 

Tallow .. «« . rtf •« •• M .. 6 

Finatf^y of PdjilB *4 •• *4 •• •• ^ 

•• •• I at ms t* , •* •* 3 

a a. .* 1 


1 

These various substances are to be thoroughly mxed by mcltmg, 
and allowed to cool suMciently before application. 

Of coarse there are many other compositions sold which are 
more or less efficient With the arrangement referred to, (‘von 
when the wood chosen was ^he best selected deil, free from l'not‘4 
and thoroughly dried» and the fixing bolts made in the ino^^i 
approved manner, it is no uncommon thing to have a bn^uklown 
owing to these fixings becoming loose, resulting in the wooeleii 
staves jamming up and sending everything inside to pieces. I'ln 
slip sometimes becomes excessive, even wiih the composition ro(( n nl 
to, by reason of tlie cJianges in shape duo to unequal shrink.ig* 
and alternate swelling of the wood.^ 

The most important dcvf‘lo}>mont in the more modern in lelun^ s 
is the adoption of revolvers made of cast iron throughout, and liUe I 
as previously to malleable iron shafts. The working aio 

planed all over to a proper shape, which enables them to woik 
together with a minimum of clearance ; so that a much greatt r 
efficiency is obtained, without oven the use of tho thick liihiicjiit 
composition referred to, although a little of it is sometimes cvni- 
sidored an advantage. 

The main bearings, spur g6ar, &c., have also had their share of 
attention, so that gon0rally,ih0 Boots* blowers now made are moic 
efficient and give toss trouHo t|®ft fortgerly. 

As an alternative arrapgemoat to that of belt driving, many of 
tli'^se blowers are now driven direct by means of a duplex 
engine, having one steam cylinder and piston rod, but with two 
separate connecting rods, each of whidi is coupled direct to its own 
barrel-shaft crank pin. It is stUl necessary, however, to retain the 
spur whed-geariug at both bnda of blower, in order that^ the proper 
relative positions of revolve^ i$ maintaiued, just as when bedi 
driving 10 adopted. ^ " 
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In either of these arrangements the blowers should be mounted 
on a i)Linod cast-iron bed-plate, wbich^ rivea greater stability than 
when bolted down directly on the atonOfesifeidatioiis. 

% following TaUo XXT. fuiUia^ eome interesting pir> 
tioulais as to dimenBions, ^ork, disohttr^ and {>tber details 
])ul)liblied by Messrs. 'fbwaiteB in lalesit 

jwttcrnof lioots’ blower: — 


i 


rnciiio 




flenWal 



S 1 
\\< 1 

1 UP 

1 

|1 iin 

Str< kt 
m 1 
liKhe 

Mtx 
No of 
Ut\tlu- 
tioiui. 

T orts of 
Metal 
M( itrd 
ixr 
Bout. 

No of 
Smiths* 

1 iroft. 

Vol ot 1 

Blatt, Dlam, 
(*u>> 1 1 ' ot 
pir D lit try 
Mmith* 1 

nirni. 

ol 

I*ulrey 

i) * 

Breadth 

ol 

l^Ut r 

• V 

J 


•• 1 

;{30 

i 

2 

2 to, 

4 

7 

ii} 

at 

i \ 

\\ 



:r»o 

•V 

3 

31o' 

4 

7 

.A 


.. 


,1)0 


1 

4M) 

u 

7 

n 

2 \ 

2’ 


.. 

C)0 

1 

0 

(.00 


8 

2* 

1 V 

, 


• • 

:r>o 

li 

s 

Soo 

i\ 

10 


1 

r 

(i 

t) 

400 

2 

ri 

1,. 00 

7 

10 

3 

> 

s 

8 

S 

1(10 

i> 

‘ 20 

2,000 

8 

12 

A 

i 

12 

i 0 

s 

t<0 

4 

,kO 

1 :j,(ioo 

10 

14 

1 


IS 

1 

102 

JOi 

,.'.0 

7 

1 30 

1 4 , »)i)0 

32 

10 

.5 

) 

>*> 

ll 

;,2o 

10 

1 70 

j fstoo 


iS 


(> 

. { 

1 12 

11 

:uo 

11 

OO 


17 

20 


7 

li 

11 

il 

300 

20 

120 

11,000 

|0 

22 

i 

s 

r»t) 

10 

14 

2S0 

21 

UO 

*12,. 100 
Ilf), 500 

22 

24 

0 

*» 

(>0 

17 

20 

200 

20 

I 170 

21 

27 

10 

10 

70 

18 

20 

210 

32 

1 

1 200 

ilO.OOO 

1 1 

20 

10 


Fig. bl shows a veitical ciosa fawtion of another or modified 
(oim of the foregoing hlowor, generally known ns Stvnmelson’s 
Mower, owing to their heing the sole makers in this conntiy. This 
lattei fhsimi, however, ib al'O Hoots’, and is Ihe^B^lgect of hfe 
lulist jutei.t, the name “ Acme” being regi 8 tere 4 as a trade mark 
to di'.tmguish it%om the ordinary or otheis of ilie Boots' ty^ie 
iii.niiil.ietnred nmler expired patents, (ind conj-parad with wliich 
l.ittc I type it IS claimed tliat the new form, as ^own in Fig. 81 , 
(•(HU1>1U(‘S in a higher degree the impoftant elem^ts’pf simplicity, 
(lin<iliility and efficiency. 

With HooM’ blowers generally the,gear wheels ‘are all of equal 
(liuienMons, cadsiug th® revolvers to l^^ve uniformly and in the 
(Intdioiia indicated by arrows sh^lj^t. ' ^laeh revolver therefoie 
thaws 111 and swieps out, for evelry revoljjjjion, twice the >oluine 
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te i • 

repres^itM ^ <UM A A, tnAltljplied by tiie length oi rolli n 
That i$i the t(4tt wiitDie swe^ jier 'tev6la|i(m by both revolvers 
eaaMiM it thfiefl the area A^maltiphed by Die 

iei)^ tit itQ^Iers ^ yg^ Irngth of wean^. The Toluine|ppre 
aeatad W i|n ««ipe|>t by Ito eertJveiB, is in ea^ e ist 

mUTTwinlBU ^ J half cjlimUrs 

hol^ outer caemg. These hilt 
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eylmden are eaet separately, %ith flanges whiohtre &ced, m order 
that both halYes ntsy be bolted doe^ together, and as truly bored 
. nut aa any etehu^ t^Iinder 

» 'a Uovet^'of Wy mgeaiofls conetmctiani is that invented by 
" Afltn Bah^ oil Philadd|hia, and shown in section in Fig 82 
|i hi 'lUttgely employed, both in ipngland and in Amenra, and las 
' hewmm $ standard niaoh^||^ tender tneu. tit consists, as will 
ho min front the flguT^ (Opi^ drum being fnr< 

ttishsd With two Uades gx ihitas p«wi^|||fniatoly through 
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wido openings made'lo ■recfflT4,4li^l^5iirj^. lower drams. This 
lilower is made or 

case is bored oat an4jui«i^ t1m’blilEik&';l^^ machine. 





Fki, 82 i 

position thr ends are dovelled, sQ that; irhen the case is rerndfred 
it ( an lie returned tq|||position withoat d^f> llie base is a stiong 
Cl sling faced ou its upper side, fihnly to the ends ot 

the machine; the drums are each jM||k une piece, turned tAily 
.ind balanced to ensate closeness, 'sjpSRjPme some time to render 
thim stiiiily when Tunning, the^^it^'in tJie |wo lowir diums 
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extend throngK^ui thwr entire' length, and :ttre made consideraMy 
wider thau.fe^.-^d^ for the passage of tile wings, in order to 
ensure fr^doini in action, .and prevent of the wings 

striking a^ihst them when entering or .. living ; the wings ot'^o 
, 0;^^ off and bolfed they are cast in 

to ensure the gmtSst him proportion to 
' theii: weight : As with other macMnes of this class, the bearings 
in general are made large, to see6re’*ettended hearing surface, and 
give the jcMirnals such a degree, of strength as to prevent tlion 
springing, and to overcome rapid wear. To find the amount of 
power to be used with one of these macliines, tiie following forjunl.!, 
will be found useful; the quotient will bo tho actual horse -power, 
less the friction of the blower : — 

2 = cubic feet of air delivered per minute. 

P c= pressure in ounces per square inch at blower. 

H.P. 53 indic^ited borse-})Ower required. 

. : , _2Px -003 

H.P. _ - . 

Thefoltowing Table XXVI. relates to Baker’s blowers, tlu* sizes 
being those maJe by the Saville Street Fomidiy Company, SIieHiekl. 

, The following particulars are the latest publisLed by tbo makers : - 


Table XX VI— PABTICULAHS OP BAKKR'S JJLOWJJIS. 
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With this type of exhauster or blower, althou^'^ ithere are three 
revolving drums as shown, it is only the top one, with its two 
blades, which is directly effective in pumping or blowing air ; the 
Tipper volume, represented by the half annular area A A, above 
the diameter line SS, being swept otit or disbbarged twice every 
revolution (once by each blade). The two lower gap rollers simply 
act as stoppers, to ensure that at no part of a revolution the 
air al|pwed to pqss back. In order that the gap in roller R* (at 
present in position to allow of the passage of blade B^) is round 
again in time to allow the free passage of blade B*, it must revolve 
at twice the speed of the top roller. The same thing applies to 
gap roller so that for each revolution of the top barrel and 
l)l:iJos tlie two gap rollers require to make each two revolutions. 
Tliose relative speeds of revolving barrels are maintained by means 
of toothed geared wheels (shown dotted), and keyed to each shaft ; 
the spur or tooth wheel on the top roller shaft (which is the main 
driver) being twice the diameter of those on the gap roller shafts. 
All three spur wheels are geared so that the direction of revolu- 
tion for each roller, and the flow of air, will be as indicated by the 
arrows shown. 

Fig. 83 is a longitudinal and transverse vertical section of a 
Pifliii blower, as manufactured by Messrs. Herbert Morris and 
Basttu’t, yhefiield, for which it is'^clamed lhat the slip is con- 
siderably reduced. For comparison stated by the makers 
that the amount of slip, when working against a constant pressure 
of lbs. per square inch, is less than that for any other blower, 
even when the latter is only working at | lb. per square inch. This 
increased efficiency wi& the Piftin blower is said to be the result 
of increased breadth surfaces in contact, as compared with the 
narrow breadth or hair-lines of contact in the previous examples 
of blowers and all other types in which the surfaces iu contact are 
each a part of different bodies revolving about separate centres. 

In tbe Piftin blower it will he seen the thr^ pistons or 
impellers PPP (carried by the dise^pi^^ AAA, keyed tp main 
sliaft SS) revolve and pass through & annular space, the inner 
and outer surfaces of which, formed b^^^Ee outer casing 0 C and 
inner sleeve B, are both stationary. . , The contact surfaces of the 
(liiierent pistons can vtherefore be piade any desired breadth 
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IHie or roller necessary to preTent tbe back- 

.fl(^ its outer revolving surface in cciitact 

tvith 'Sorfaces^of ample breadth, as represented by tbo 

, lunaidth’i^ surface between eat^gap ; also the breadth of flatten^ 



. 88 . 


|^diy^"' $m!ng the soii^^ cree^t'shaped ideeve BB, which 
lurnhade u(d encases the |iaam shaft 68. . 

In Biftin blowei’,;;e8h^"the Balder type of blower referred 
to, the gaiA in the sts^' roU^ .are alterji^t^y .exposed to tlie 
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miction and discliarge sides, of blowers, they 

might be supposed to be adding to tte ^paci^%y discharging 
the volume of the various gaps. however, of being an 

advantage, thoy are a distinct 80ur<» of lose of capacity per revo- 
lution, as each of these gaps not ohly returns from the discharge 
side full of air, but, what is worse, they return with air at a higher 
])r('ssure than when exposed to the inlet side ; the itierea^an tho 
volume of air returned, when at the reduced ^pressure b|^inlef, 
corresponds to the loss in pumping capacity thereby. In the Piftin 
blower, houever, it will be seen that the volume of gas returned at 
discharge pressure is less than that which fills the gap (when ex- 
jioscd to tlie inlet side) by the amount of space or displacement 
which takes place when the hollow pistons P P P pass through the 
gap as shown, so that the suggested loss due to the three gaps in 
toj) roller is minimised correspondingly. 

Tho following Table XXVII., giving the relative speeds, 
cn[)acities, &c., ns published by the makers, will enable a com- 
parison to be made with the previous types of blowers referred to : — 


Table XXVII. 



Cubic Feet, 
Cupadtv 
|M*r Minute 
.It i lb. 
I'leiitiure. 

; 1 

Inlet and i 

Suitable 
for Si.iiiliit’ 
Firtb. 

1 For Cupolai. 

1 Pallef. 

OiitkM, 

1 Dntineipra , 
Itl illClll‘8. 

! Jn»itle 
Diaiijpier In 
liichccu, 

ifrlUng 

fc" 

niameter 

in 

Inches. 

ftrtffldth 

ill 

' Inches. 

1 

100 

1 

8 

2 

•a 

•• 

6 

li 

‘2 

‘217 

3i 

3 

• • 


7 

2 

:: 


4 > 

5 

f* 

1 »* 

8 

n 

4 

404 

G 

7 

20 U> 21 

1 to U 

10 

8 

5 

8S2 

7 

13 

1 21 2(: 

2 ^ 2i 

11 

8 

(; 

1012 

8 

^ 20 

20 „ 30 

2|.. 4 

13 

4 

7 

1041 

10 

30 ‘ 

; SO „ 30 

4 „ 6i 

15 

a 

8 

2824 

12 

40 

36 40 

Si„ Kf 

1 

SJ 

0 

4024 

18 

00 

40 „ 48 

8|„10 

20 

«)■ 

10 

4042 

14 

70 

48 „ :;54. 

10 „IS| 


6* 

11 

7000 

18 

•« 

‘ ■ * ‘ . 


40 

7* 


In the various types of bloweijss referred to, the number of 
revolvers is either two or ihree, ,tho relative movements of which 

- ' , ^ g 2 
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in each exainn|||H maintained by means of spur gearing, which 
latter has moim|lr1ess work to do in different types. 

Although the different makers are aware and give due attention 
to the importance of balancing the various revolvers, it is impos- 
sible, apparently, to do away with the excessive noise from such 
machines, even when working at their normal speed. This noiso 
is due to the unavoidable clearance and consequent hack lash 
between the teeth of the gear wheels and rollers, even if when new 
these wheels could be made perfect. Therefore, to produce a noise- 
less blower it would seem necessary to do away with geared wlicels 
altogether. This has already been done in the form of the ]>ea1es, 
Waller, Gwynne and Donkin typas of exhausters or hlowors, as 
generally adopted in gas-works for the lighting of towns and large 
cities. In such applications the object to be obtained is very 
similar to that of the blbwer, viz. to draw the gas so as to produi*e 
a suction, and discharge it against the accumulated resistances in 
the gas circuit due to the various appliances or processes for puri- 
fying the gas. The pressures to be dealt with are generally in 
excess of those required in cupola practice, viz. 2 inches of walei* 
sucHon and 25 to 36 inches of water-gauge pressure on discharge 
side. These machines are altogether much more efficient than the 
usual types of blowers, prjaviously referred to, hut they are much 
more expensive, owin^jj^ the high-class finish and workmanship 
required. ^ ; ‘ ^ 

Fig.' 84 shows a transverse . section of a new patent improved 
design of exhauster or Wower of the latter class, manufactured by 
Messrs. E. Jjaidlaw & Son, Engineers and Founders, Glasgow, 
which, in addition to its being at py^nt one of the most efficient 
of the various latter types mentioned, is .^ely also to be adopted 
for producing the blast for cupolas and other similar work, by 
reason of its simplicity, high pumping, capacity and steadiness in 
the flow of air produced, by utilising the inner volume of revolving 
barrel as shown, the latter of. which enables it to give the desired 
quantity of ak with tho minimum dimensions as compared witli 
any other positive blower, and that without almost the slightest 
noise, which with the present form of, blowers is so objectionable. 
The present , excessive normal speed would also be much reduced 
in this new type of blower. : 



LAIDLAW S EXHAUSrER AND BLOWEll. 


2(31 


By reference to Pig, 84 it will be seen tb^tthis latter type 
consists of a circular outer ciasing OB, inside of Imich an eccentric 
cylinder or barrel B B is made to revolve, carrying round with it 
the three radial blades B B shown, the latter being mounted on 
the central hollow spindle H S, By this means it will be seen 
that the crescent-shaped area A A A is swept by Oiich of the blades 
during one revolution, so that three times the Volume i:epreBented 
by the area AAA multiplied by the length of blades 



Fig. 84. 


every revolution of the inner barrel. In addition to this, by 
utilising the inteiior space (represented by aa^hb) of revolving 
barrel, the capacity of this blower is increased from 30 to 50 per 
cent., according to the size or capacity referred to. In order to 
obtain the latter increase of capacitj^^jie end covers have suitable 
inlet ports IP and outlet ports |tnd connecting passages 
sliown. proportions and varxo^v^pos of these ports are 

specially designed and arranged in rdation to certain critical posi- 
tions of the blades, occurrin:; at regular intervals during each 
r(^ volution ; so that in this blower it is Uiinecc.'Siiry, as in all other 
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similar and exhausters^ 16 maintain ttio oui(T 

t-'urface of barrel in contact mtfa the inner surface of 

casing at th6 point CS, by reason of which condition it was pre- 
viously absolutely necessary to machine the surface of revolving 
barrel all over. It will therefore he seen that in this new typo it 
is quite unnecessary ta, machine the surface of revolving barrel, 
unless^ the ends, which are made to run in circular grooves formed 
in tpPItxd covers as indicated, in order to maintain the bar 
in its proper eccentric, position shown. By the arrangement of 
ports referred to, it is not only unnecessary to machine the outer or 
inner surfaces, but, for the same reason, the barrel surfaces aro 
made to give a positive clearance, so as to avoid the usual friction 
ttbng th© lines of contact at 08, which latter is necessary in other 
S’lnilar forms of blowers in order to avoid excessive slip. The slii», 
that is, the loss due to leakage by the return of gas or air from the 
discharge to inlet side, is in this new form entirelv prevented by 
the blades, owing to the special arrangement of the ports, wliicdi 
ensures that, during a complete revolution of the barrel and blades, 
there is no instant at which tlie inlet and outlet ports can be open 
together. This arrangement also admits of every working part 
being fitted with adjustable packing strips, held out by means of 
suitable spirll jSprings, when for high worldng pressures, so that 
slip may be reduced to a minimum. This adjustable packing can 
only be adopted partially in any of the other similar forms of 
exhausters or blowers referred to. 

The diagram (Fig. 85) illustrates forcibly what actually takes 
place in the cupcla, Rowing ibe bp^ation of the blast in actual 
work wlion using J^ .Bahei^ hiower^ l^^ the pressure 

with that produced by a fan.' ' . ‘ ^ 

The irregular, Crooked and ^tfed fine^i show five dificrent 
heats taken from a 37-inch cupola msHl® the- lining, measuring at 
its largest, or at 20 inches above the , tuyeres. Blast given with a 
Koi l7-feet Baker’s hloworJ^|ihing :ll3 ’ revolt per miuut(j; 

blast pipes cast iron, and p^^ly / 

. The horizontal lines eh ^e dm^riijicu slmw in oiiniTS 

per square inch, and the verticaTlihes^bow^i^^ of five 

minutes leach^ , Oii examination of dxdgiam it will be obsorve^d 
that when b’ast is first put bhy.lhe.pi^suie will be somewhere 
lUNir ten uun<5t$, slightly dimiuiihfog, minutes, 
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until the iron conimencm to melt, ^n rapidly increasing in 
pressure until the highest Sinit is-;^^ is in about an 

Jiour and a quarter after the blast if. oik ; ^ool used was 
the best anthracite lump cos^'and WAS Wp*tl^^ pig and 

ouc-third sprnes, small gates, .h^ of the heat. 

The average amount of power, number ^-^usds of iron melted 



per pound of coal used, and iron melted per pound of coal, are 
given in the accompanying table 


tablb xxviir. 

WORK DONE BY ifeJNCU CUPOLA AND BAKER’S BLOWER. 


Iloferenco 

l-H'ttr OH 

lii.i^inm. 

1 

Tinio in 
Minutes. 

Averflcw 
Horsp-power, 
iluriug bpftt. 

PonndR oP 
Iron Mi lk’d* 

Pounds oP 
0>at u^.'d. 

Ipoii* ' 
Mi’lk'd , 
per Hiitfri 

i Tt«ii 

|»er Minute* 

IVtnnlB 

Iron 

M It ii tier 

ill. • Oil 
used 

A 

1)2 


= l^sOOO’ 

HUPffi 



8- 000 

li 

OD 

7-40 - 

la.ooQ . 



■H 

8* 275 


100 

7 -5^ ' 

ia,ioo> 


.0;,075 

W2* 

7*800 

D 

101 

7-GO 

lisS); 

Ma-SSS"';! 

'^,181 

153 

8*o:'.2 

E 

111 

7 50 


mm 

pSWH 


149 : 

8 -40:1 

Average 

101 

7*50 

12,504 ' 

1,610 

1'. 9,143 

152 

8-102 
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A careful study of tbe diagiram reveals isbveral important facts 
to wbiob we attention : — * ' 

Isi The ever-viirying conditions of the furnace as regards tlio 
pressure of blast to produce the results, shown by the unsteadiness 
of the lines. ' ' 

2nd. That under wdinary circumstances, such a resistance to 
the passage of the air, through the charge in the furnace is 
imposed, as to cause a considerable increase in the pressure of the 
blast; and that if the machine be not capable of answering such 
eoiiditions, there must be a loss in fuel and also in the quality 
and quantity of castings turned out in a given time. 

3rd. Seeing that the highest pressure required is from 20 to 
2 1 Q ^,p er square inch, it is impolitic to employ a fan wlio^ti 
high'^lPinty is 16 ozs. ; not that pressure is a sine qua non for 
smelting in the cupola, hut that, in order to introduce the necessary 
amount of oxygen per pound of fuel, the internal resistaneiis 
should reach such a point as to cause a corresponding increase in 
the density of the air. 

As a mere question of mechanical arrangement, simplicity, and 
economy of power, no thoughtful mind can doubt for a moment 
the advantage of running at a low speed with a positive displace- 
ment per revolution, and knowing exactly what air is being 
delivered, against the excessively high speeds, with the multiplicity 
of belts; pulleys, shafts, bearings and all the paraphernalia incident 
to the successful working of a fan. 

Blowers should beiset on good solid stone foundations, to which 
they should he held by proper holts, and care should be taken to 
set them level lengthwise. Too much stress cannot ho laid upon 
the necessity of providing iron piping for i||^^air-conducting pipes, 
and seeing that these, with the shut-off-lwves and connections, 
are perfectly tight An escape valve may be fixed with advantage 
upon the air-pipes, to relieve the* blower from too great an increases 
‘of pressure of air, caused by the closing ^ the shut-off valves while 
the machine is in operation;- 

It is^to be regretted that no more definite and independent 
information is obtainable with regard to the superiority and rela- 
tive advantages of the various pressure blowers in use, and of the 
comparative results obtained by such machines as applied to tlio 
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foundry cupola, iban that issued by their respective manufac- 
turers. The subject has not yet received the attention it de- 
serves at the hands of the ironfounder in this countiy, nor have 
tlie results been so carefully worked out here as in the United 
States of America, where the conditions of working are somewhat 
didcrent. 
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PATTERNS. 

In order to mould a quautity of melted metal into any desired form 
tw6 things are necess^y : a model or pattern of the required form, 
and a substance of ^&ient susceptibility apd adhesiveness to 
receive accurately and to retain impressions of that pattern made 
upon it, against the violence of the liquid metal when run into tlie 
space which is thereby formed. The making of patterns is a tiade 
in itsdf, involving in its pursuit the manipulative knowledge of tlio 
turner and joiner, and into the bench details of this trade it is not 
our purpose to enter ; but those desirous of studying those details 
would do well to read the capital little treatise of Joshua l»os(*. 

Wood is almost universally employed as a material for patterns, 
pine or deal and mahogany being the kinds chiefly used. Of tlies(‘, 
pine is by far the most useful, in consequence of its uniformity 
of substance, freedom from knots, clean and easy working, and 
abundance. Yellow or white pine is particularly good for long and 
nearly flat work ; it does not warp much, is not likely to split, 
and is light to handle. It has a fine grain, and is left smooth 
after the tool. It should not b^ roughly used, however ; being soft, it 
is easily indented or marked byil^hlow fall, and will be injured 
if placed in situations where it 'h subjected to such 

contingencies. ' ‘ ; 

Canadian red pine is harder than the afove, and may well ho 
sulistituted for it, if it is cho^h free from large knots, and not too 
much impregnated with turpentiue. 

/White American fir or spruceJs best for large wheel patterns, 
espebiftlly when they have to he buttt up and glued together heforf? 
being turned in the lathe. It .shotl&be citt into thin slabs, and 
slowly seasoned, w'hen it will nqt be found to split. When tlie 
8laha,l^S^ glticd together, the grain of each slab should be placed 
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fli.igoTuilly to that next it. Thkis a Larder wood than yellow pine 
or yellow Canadian. 

VVe entirely agree with Koso, the Amierican machinist, when 
lie states that, Care taken in its selection will be amply repaid in 
the workshop. When it is straight-grained, the marks left by the 
saw will show an even roughness throughout the whole length of 
the plank ; and the rougher the appearance, the softer the plank. 
That which is sawn comparatively smooth will be found hard and 
troublesome to work. If the plank has an uneven appearance, 
that is to say, if it is rough in some parts and smooth in others, 
tJi(.^ grain is crooked. Such timber is ki^n to the trade as 
cat-fiic^id. In planing it the grain tears i^and a nice smooth, 
wurlaco cannot be obtained.** 

jMaliogany shrinks but little in drying, and twists and warps 
li'ss than any other wood, on which account it is largely used in 
]hirtf‘rn-making. ISpanish mahogany is considered the best, and 
lldihluras nest. African is inferior, as it alters its shape in drying. 

.Mahogany docs excellently for small patterns, but its expense 
limits its application to the construction of those. It can be cut 
very clean, and its superior density and closeness of grain render it 
well fitted for nice patterns, such as of bushes for journals, small 
pinions, the teeth of wheels below 1 inch in pitch, and in every case 
of a Miiiilar nature in whicli the "tibres of the wood may be pre- 
sented endwise to the surface; whereas in w’qrking fir in this 
imtiincr for minute purposes, it is apt to bo broken away at the 

edgt'S. 

Cherry-tree wood is good for patterns when well seasoned. It 
is used in Germany for making patterns for fine castings for 
ciiltinet work. It is a hi^rd, close-grained wood, that of the black- 
Ii(*ari cherry being considered the best. 

Beech lias an excellent uniform texture, and is much used for 
turnery purposes, keys and cogs of m«i(5hinery, and fo^ patterns. 

'i eak is a light porous wood, easily worked, and is also strong 
and durable. It is soon seasoned, and “boing oily does^not injure 
iron. The timber contains a quantity Of silicious matter, which 
is very destructive to edged tools. best teak comes from 

Jiloiilinein. ! ' 

The choice of wood for patjbe^hi%fiakmg is governed by the 
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following conaderations : — It should be free from knots, close and 
straight grained, with the annual rings not too strongly developed, 
and not too hard to be easily and neatly worked to the desired 
form. There are several woods which, although admirably adiiptf^ 
for pattern-making- in these respects, are still, from their tendency 
to split, only to be used with great caution,^notably teak and green- 
heart. Patterns made of sycamore, maple, box, oak, and elm 
generally require to be varnished or painted before being placed 
in sand ; otherwise, however dry and smooth they may be, they may 
not draw cleanly from the mould. 

We have given hut a , short re^umS of the leading charac- 
teristics of the ditijUlht kinds of wood used by pattern-makers, 
but if fuller particulars should he required on this topic, the reader 
is recommended to consult vol. i. of Holtzapflbrs * Turning and 
]\Icchanical Manipulation.* That work contains a very comj)l(‘le 
list of British and foreign woods, although comparatively few of 
these are used in pattern-making. 

A more recent work, ^ Tredgold’s Car[»entry by J. T. Hurst/ 
contains information about timber, which will also be found very 
serviceable. 

No large foundry diould be without sufficient stock of seasoned 
wood for patterns, nor without a properly constructed room for 
desiccating such timber. 

In a foundry nothing is more wasteful than the employment of 
half-seasoned wood when the patterns are to be of any permanent 
value. Ihey warp, split, and change form, and though still capal)lc 
of being moulded from, parts intended when cast to go together with 
a minimum of fitting, are found to require a great deal more tliiin 
need be, and sometimes cannot be got together at all without thick 
chipping strips being tacked on to the meeting faces of lL(i 
junctions in the patterns, or perhaps even packing pieces of iron in 
the work itself. The stock ^ fully-seasoned pattern wood ehould 
not be left at the mercy of the pattern-makers, to cut it up liow 
, and when they like, at their own discretion. Every joiner prefers to 
work dry wood, which works so much more easily than what is 
unseasoned. Tlmre is a desire to employ always a finely-seasoned 
wood, whether necessary or not, and for many large patterns it is 
not so. When the drawing come from the drawing office, tlie 
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foroman should direct the pattern-maker as to the timber to be 
cmjJoyed, and check the quantity taken off by each man. 

Timber is seasoned by being exposed freely to the air in a dry 
place, protected if possible from the sunshine and high winds. 
'I'lio timber is stacked so as to allow of the free circulation of air 
amongst it, and should be slightly raised from the ground on stone 
or iron bearers. If the timber is allowed to remain in water for 
a fortnight, the subsequent seaspning and drying is more rapi^. 

Time is the best seasoner of timber; but space and omer 
e('.oTiomical considerations usually cause founders to abridge the 
time by artificial seasoning. This is often done by piling the sawn 
jilaiits into racks provided over the boilers of the engine which 
ilriv(is the machinery of engineering works. In large works it is 
inmdi Siifor to have a proper oven or desiccating kiln specially 
hukIc lor the timber, and heated by the waste heat from some 
l:t)iler or fire. The heat must not be great, and a steady, gentle 
current of dry air is essential. When the wood is quite dry, it 

best stacked in r^ks horizontally in the open air, but under 
co\er from rain. 

Large jpattorns when quite done with should be taken to pieces, 
and the more useful portions of. timber they contain cleaned and 
stacked for use again. Those patterns which are to be preserved 
for futuiJe use should be stored in an orderly manner, exposed to 
the open air, but roofed over to keep them dry. 

Wheel patterns occupy a great deal of room, for they must be 
stii(*k(*d upon the flat over each other in piles, only hearing upon 
(Mch other at the eyes of the wheels. They should be placed on 
thc! giound floor, which should be boarded ; and in a large mill- 
wrighi. establishment, where spur and bevel-wheel patterns of 10 
or lo feet diameter are not uncommon, a light overhead traveller 
would with advantage be so arranged as to pick out any pattern 
from any part ofi^he room. 

The upper floor answers well for all Other classes of patterns. 
The iron and the brass or guh-metal work patterns are usually 
Ijost classified quite distinctly. But in marine engine and locomo- 
tive work it will always be best to place the whole of the patterns 
for the parts of each engine together, whether they be for iron or 
for brass. Drawings to full size on boards, templates, gauges, and 
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tlie lih« TTork, are Lest also deposited ndjaeent to and in 

order with the patterns. ' ’ , 

Some woods, such as oak for instance, have such powerful 
capillary attraction that when placed in contact with the niouhliinj: 
sand they rapidly imbibe the moisture from it, and adhere so 
ii|mlyto tho face, of the mould, that they cannot be withdrawn 
cleanly and smoothly from it. 

. ^eal and red cedar are more free from this objection, as lh(‘ir 
p:raih has much less attraction for moisture, and thus allow the 
j^attorns to draw with ease from the sand. 

Some of the hard woods which are occasionally employed, such 
as ebony and box, h^ve surfaces almost as hard and uuabsorl)(Mit 
as metal. But there are also several hard, close-grained woods, 
which cannot be made to draw clear from , the sand — poplar, 
sycamore, and pear tree, for example. This is unfortunate, as thf‘S(‘ 
woods are, in other respects, pleasant to work on. If the surfact^ 
of the pattern made from these woods can be left quite fresh Ironi 
the cut of a keen-edged tool, the diflBculty is ^educed, hut if tliey 
have been finished with a file or glass-paper, the grain will be so 
fringed up, that it will be impossible to obtain a clean green-^and 
mould from the pattern. s* 

As a precaution against these defects in the wood, and also as 
a preservative for the patterns, they are usually coated will* 
varnish, or oil paint, &c. Thus their capillary attraction is 
lessened, and their surfaces made smooth and glossy. There is 
nothing better for this purpose than a moderately hard drying oil 
paint, blackleaded over when ^ry. One mode of coating patterns 
is to paint Uiem vritb a thin coat of oil paint, consisting of red-ksid 
and acetate or sugar of lead. Allow this to dry in a warm room, 
then carefully rub over with sand-paper, and finish with powdered 
chalk; or a thin coat of a less rapidly setting oil paint may he 
applied, and the surface fihhS^jvith pumice-std^ and very fine 
glass-paper. Bub well with A Soft cloth, then put on a coat of 
l^ladblead mixed with l)eer, applied with a hard brush. 

When only one or two castings are required from a pattern, 
Specially if it should be of an ornamental and delicate cliaractci*, 
this coating of bkck-leod and beer may be applied directly to fhe 
naki^d wood of ths patiern. This plan answers very well whore 
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the', wooden pattern is to be employed simply for the production of 
a metallic pattern. But it is certainly desirable that patterns 
which have to be used several times should be painted in oil, more 
especially when they contain joints made in glue. 

Pattern-makers mix with their glue some good, thin drying 
linseed oil, in the proportion of about one of oil to four of water. 
^J'he oil is added to the and well stirred in whilst hot. This 
glue is scarcely affected ly moisture, and makes a strongs sound 
joint, although it does not set hard and glassy, like ordinary glue. 
It is, ]io\vever, advisable, even when this glue is used, to protect 
tlie pattern from moisture, &c„ by oil paint, if a good, clean mouldy 
is desired. 

For large, coarse work, a thin coat of common lead-colour oil 
paint, with slight finish of black-lead put on dry, is a cheap and 
simple protection. 

Mallet recommends a paint for wheel patterns as giving ex- 
cellent results ill the moulds, and a smooth surface on the castings. 

A first coat was applied of a paint made of thin drying oil, 
si)irits of turpentine, and pure white-lead mixed with a little 
crystallised acetate of copper. When dry this was smoothed off 
witli pumice-stone, then a second very thin coat of the same paint 
w'as applied, with the addition of a little copal varnish. The 
])atterus wore then sluwly dried, being carf3fiilly watched to see 
tiiat no warping occurred, ^ This paint dried very hard, but after a 
time, when exposed to wear and handling, it would get scratched, 
wlien it ceased to give such good results as those at first obtained, 
'fhis delect was partially remedied by rubbing the surfaces over 
with powdered French chalk. 

Some patterns, made of rather hard wood, such as dry ma- 
liogany, will deliver very well if well coated with copal varnish. 

W eak shellac varnish is. also a capital protection to patterns ; 
it is easily made by dissolving to 2 parts by weight of shellac 
in 20 parts methylated spirits. The ingredients take some twenty 
or thirty hours to mix in cold 1'Featber, but the mixing may be 
(juickened by the vessel containing it being place on a stove or 
other warnpdace. 

When a pattern is nearly all cmaposed of one material it is by 
no means difficult to estimate ihe ^eight of the casting for whicli 
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it is intended. A reference to tlie table of sjtecific gravities and a 
short mlfi'Of-three sum snfSce to give the approximate weight of 
the casting 'in any desired metal, if the weight of the pattern is 
known. 

If. the pattern is of a simple form, its cubical contents multi- 
plied by tbe weight of a cnbio inch, or cubic foot of the metal, 
will give the weight of metal required . lor the casting ; and this 
is generally the more reliable plan, as » is quite unaffected by 
^^ren^ in the specific gravities of the materials used in the 

^ Jt is always necessary to make a good allowance for the excess 
of mtsSal in the rising heads, gaits or gats, and tbe like. 

When a pattern is made up of several different materials, and 
is of a form not easily to be measured for its cubical contents, tlie 
usual plan is to weigh each of its component parts before they are 
finally adjusted in position, and the weight of the hard wood, iron 
holts and strays, &e., being noted down, the weight of metal 
required can be arrived at. 


Tabm XXIX.— weight op castings. 


\ wit.ighlng 1 lb. 

Will weigh when cast in 


Ca^t Iron. 

Zinc. 

^ Copper. 1 Yellow brass. 

(<un-nu‘fHl 

i 

Miihoguny 

8 

8 

10 

0-8 

10 

White pine •• .* 

U . 

14-5 

IS 

nr> 

17’8 

Yellow pine .. •• 

13 

12-6 

16 

If) -5 

16 

Cedar .. .• •• 

11-5 

11-4 

14*5 

14 

ur> 

Maple 

. 10 

9*8 

12*6 

12 

12- 1 


Papier-mach6, or plaster of Paris, should always be black- 
leaded over thin, hard, oil paint. Cast-iron patterns should he 
rusted, by any solution which increases the tendency of the metal 
to oxidise. &l-ammoniac, ^nte hydrochloric acid, or common salt 
in water, answer tbe purpose. 13ie rust must be completely got off 
by the "scratcb-bmsh ” of wire, before tbe black-lead is applied. 

Ail metallic patterns are much improved in thei^ delivery” 
by being finely “black-loaded.” Prior to the application of the 
plumbago, the soilace of brass or gun-metal patterns should bo 
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‘‘ roiiglienod,” by leaving them wetted . with a eolutioa of sal- 
ajiimoiiiac. Zinc, solder, or typermetal', oi? ^0her such soft alloyi^^''*^ 
\\ill “take” the blackJead at doce; if; ,l^e be free fromS^v, 

gr(!as?e or dirt. v"- i." , , - , ‘ 

To preserve iron patterns from resting, and to make them 
deliver more (easily, they sKould be liliowed to get slightly^sty ; 
iK'xt, lliey should be wan^l sufficiently to melt Weyax, which is 
Dk ii rubbed all over them, and nearly remove^; they are then to . 
he ]>olished with a hard brush when cold. ‘ ‘ 

Tlie following is a list of the different varieties of wood , 
suitabie for pattern making, with tiieir , specific gravities : — ^ 


.ftpeotfic firavily. 

Cork 0*24^ /, 

Ainericau pine 

Americau Jir 0* 4t! 

I.nrcli 

Cowrie 0*r»B 

Ko.l Ilondnrae cpclar 

J:im 0r)5 

White poplar Vuri^B 0*34 to 0*r»3 

Wnilow- ^ „ O--l'2to0-5 

Sycamore .. .. (1‘tIO 

liiipotree .. .. 0*(>0 

Voarlivr .. 

(h'.tilTV Ifvo 0*71 

IMsiph* .. ■ .. .. U'To 

Apple trie.. .. 0-30 

Aiiim- e-SO 

Heel'll .. .. ,, C'S.'i 

lloijilumrt inohogjany .* * 0 SI to 1 *03 

IJoxvvoimI .* 1*03 to 1*33 


C:isi-iron, brass* zinc, plumber's solder, gun-metal, and type- 
iiielal are frequently used, whilst cements, plaster of Paris, wax, 
ien;»-eotta, papier-mach^ and gla?s are omtsionally employed in 
]udterri making. . • . , 

]\hiuy common \vorl% su<di as, piateti/ grati^ parts of 
ei diiiJiry fircvstoves, are%ade to writ^ .dim<^nsibhs, without any 
]);itte,ni being used, as afew'slipS df to the margin 

ef the casting are arranged for the ti|tri'e a flat body of sand, 
vliich is modelled up almost But in all cases 

wli j-e accuracy is required, wGll-no^O^piiitofe^^ are necessary, 

'Fhe patt(?ru is a model of, which ^eii^ting^'jif tc be the copy, 

•4-' , .Vr'' 3? 
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but k mould, which 

.Vropra8e!^,,^^ho}lQ.WB muBt appear on tho 

ieas^g. {fmae' aaioely, the pattern, the 

&e casting, k‘^mN^^.;l^w.m.-^ifi^rent materiala, 

Which is subject.^ eeitaltL^^ in size and shape, 

; jd^psoli^i upon the d^r^'olTJbM jib wl^ch it may be exposed, or 

; upon change in -dry^t/^jmio^neLj' ^us, ^ the original 

design or drawings palt^'il mad^ most frequently in wood, 

is then hNgmeQt^ to ^ mould ; this varies in materials 

aiiiodlrding to the uWtidro into which finally the moKen 

metal k ;^red.'' f.i'!', ’■*. , i"' , { ‘ 

* .'V-v ■»‘‘A • '■ '■ , . , 

la view of i^t^'ttio^umtonces, and certain known properties 

of materiak si^i^kfciiul’l^pem^ allowances have to he made 
for shiinkt^^^J^^f^^ which k follows that patterns have to be 
made differifig^'uiiiK^i^il^. to the size and shape of the casting 
which is to iW ^lodpeed; There are several elements of compli- 
cation ; thus, B^uiere' must be a slight clearance allowed for 
removing the pattern from the mould in which it is enveloped, tho 
hollow of the modld has to he ;slightly larger than the pattern. 
The casting itself contiucts in oo^hg to an extent which is pretty 
well . (but byno. moaim aconrat^)| ascertained, and 'for which a 
regular allnwuioe . is made. Thu% jin lmge, heavy castings, one- 
tenth of an imdi is' added to every foOT. of length in the pattern, 
which is foundlin pl^tice suf^ient to aUow for the contraction of 
the metel oh uoohug, cpml^Q^ .as. it is with the slight increase in 
the oze of the mould over |]^e pattern. In small castings, one- 
eighth of an iueb .to .^e,;fo6t, dr about pue per cent., is snfli- 


The following iWmarks Wp^ this po&ib are taken, with the 
accompanying tables, frou'^'ThmuiW'^^ on Heat’ : — 

^ “The contractim ex|i^euoe in cooling down 

V fidm tbeir malting poihtau^jii^^^'a^T^peratarcs is very con- 
r sideralde, ambunting to .ftl^t^lmj^^ 'i^s stmight bar of enst- 


rjisideralde, |mbunting to bar of enst- 

,j^h'8 £eet}QUg,'or with U Allowance has 

.-.i^ere^^ ^tp .be made sizes of the 

■ ;C|f ^ me^ijjiise' 'ef of tl le 

respective 
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influence in determinii^ 1]^’ ieg^ 
hliown in Figs. 2, 3, V.- , \ . ' ■ ’ ' ’ ■ 

“ The following table obserVaUonfl^ 

on this subject, and iarerj ^tis ^.^Unoif^ 

girder 20 feet long must *» >S’ .492 inch 

longer than itself, but a a 

• 1 236 X 20 = 2 • 472 uwdi (dwrtex ^ * 


Table XXX.— OP THf; COOTBAipTiaX' 

■ ■ . Oi»STlNj3.-{B(w.)' ': . ' '-'v ' iV ; 

***- 


lender.. 

o »♦ 

(tiid-tik t<il bnr .. 


C »i)]K r ami hn 

<«i)>l>(r, 1 3; 

In, lU .. 


« 11 hi iKH 
( ‘l'l>( I 


L.< *d (mould) 
7iuc c.i'it m irou 



< 

ipVt^aAi ri«\. 

l^cnsth nf 



I'atiorn. 

Total 
tn lix'bra 

Perl 

ot Peettarnt^ 

ft. in 



21 8? 


•1296 

16 9 

. 2*06 

•1225 

5 4^ 

1-0 

•18508 

5 



1* 

•97 

•1718 

6 01 

1 0 

•JhlO 

ft <3,V 

•92 

•IR71 


'90 

•1095 

M 

‘88 

-1508 


•84 

•1.VJ6 

1 

•• 

•1607 

5 e^i 

•895 

•1628 

1 

*» 

•880 

»1,5P5 

1 

9f 

•880 


ft 

•855 

•l.ViO 

,. 1 



2 9J 

•6 

*1811 

7 10' 1 

IfHI 

1918 

7 iif : 

1-465 

•1972 

*» 

,, 

*1972 

1 * ! 


• L%4 

2‘* ‘ 

*21 

•1050 

2 M 

•455 

•2257 

ff 

•465 

•2807* 


•• 4 

' 'A — -... - 


•12t6 

Mbnli 1 
•Iij7C * 

•am 

• J<«»5 
)7 

'1(120 


Maximum. 


Mtnimnin. 
lilcxil of h» 

Maximum 


Minmuifaa 

^<an of 4, 

4. 

Minimum. 
Maadmnm. 
H«Ab ot 2. 


“ For practical j^rpoaee one-eiigh%« lo b foot for cast- 

iron, one- sixth for gnn-metal^ fi^^ioopper^ «nd cme-fonrtl 


ior zme may be taken as sufficient wpih^iifilQiiati^ns. 

The contraction of wheelr jb^nomalona {as is 


[ shown bj 
T 2 
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Tabl^ -0t6 itiegi^^ntitsa is the ^parent contraction arii^o 

1« ‘rapping ' tbe'-patteim in the sand, to 

it 'anfjniisy fit and enable it to he -drawii out with facility. 

ihfiuentm^ iii its'^rbsults w|th small, heavy wheels nf 
wiW'of face.. In som 6 ca^sf, and'ih, fftugh hands, the caM in'' 
(St , a, ‘small and heavy pinlpnrmay-.te quite the full size of llie 
.pattern. ; She aUoWEmoe to to,»mde is therefore not uniform, Imt 
vji^t he 'i.V'^Pge wheels, where the eflTcci 

'.of- jap^g is. compefatiyeily' small^ one-tenth of an inch to a foot 
m^y be}tf|teii’"sifel j., . A wheel is not so free to contract as a 
Bliruight |ar, and iiiany ciuMi ito ecaitrafetion will bo less.” 

'■ ' . -Mt-,: ' V’., 

TAi«J»,XXXt.-O|^s^H|^.€ 0 KTBACTION ly C.^ST 1 N(} SPIJI!- 
■ 'iN' CAST IKOy— (Box.) 


Kbtnmo 
' PlHinett:r ,of ' 

‘ UaiilUig. 

ft. hu ( 
,'..•10 2 ,f,.: 

® V 

if' 'if 

'n-ii 



■ 'lire amohij|of left in the mould is much lar"' r 

in ‘ hiind-madj^.t^eeii-^iid nt<»[|^<;|and. a|so with large and he.iw 
jjatterns, or thoM^^feil- ’to. draw, than in macliii),-- 

.'Uiade moulds, where tho^if^ntmco.to W ^h<itii reen the pattern and 
tho casting need be little more thak'.su^i^lt’ to make np for tlu' 
; contraction' of the metai<OQ.'c^iii^ 

.There' being so many: of o^plication, it is obvious 

dihei it would ho iiu}io8si^^p.;give p^y:. absolute Yules or formulae 
-iniij^ichtly simple for an qr^^aryiskiB^-wtolcn&n to easily under- 
''itwad toad remember, ii^ ^q haitBlirf'i;^^ wliou 

'noaidy eyery separate pottefto'thirt has to l».’inade brings into play 
different oonditious rcq.niring} J|^ial ar^ngeaieirin* It is in the 
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(jiiicliiiess omt correctness of judgb^C ImowleJ^ of the ! 

qualities of the various imterials t with, that a good " : 

])attorii maker is valuable, for Wfc^iigh Ahch it ^ necessary^JSfk 
for him to know can be, andlni^^ from books, 

\(‘t by far the most im|iortsmt ppkU^ 'Of upon 

which the success and.b^Uty, if only 
masLered by ih^ 

ex].c‘rience the more ftrMW iu ;ex^dieuts. 

})attcrii maker, and it is difficult ' to overrate the' saviogf W 
time and materials that ,can be eifecied in a^foundrj where iha ^ 
l).<tiern shop is directed l&ft clever, conscientious' foremaii, ' 

As ])roYing the necei^r‘ for experience in this branch,, may be 
taken the frequent instances of highly finished drawings ^eing sent 
out of tlic drawing offices of some of the leading engineers to the 
founders, where ij^y are coritemptxiously thrown aside after a ^ 
lA.isty glance as impracticable ; o^what is still more frequent, 
i^hglii modification in detail is suggested, which, without interfering;' 
with the general design, materially reduces the cost of the work. 

One of the most important points ujxm which enccess depends 
is the allowance to be made for contraction, theexten*t of whxcli, as 
before mentioned, varies with the shape, size, and material of the 
c.istii'g. 'll,, 

'.rhe allowance is nearly always made by tho workmen in the 
(liinensions of length only, although undoubtedly a similar contrac- 
linn of the metal takes place, to a. somewhat smaller extent, in the 
oth(T dimensions of the casting. 

In the majority of cases;.^here fhe casting is a complete article 
in itself, perfect accuracy. & not 5yben^ however, the , 
casting is intended to te ,§xed together with oth^ portions, to form 
tin engine, for instaiSce, it is necessary - iu 
siuqie and dimensions, an;4 free from 

In cases where the same 

mould, the first casting shbhld be and any little 

errors can then rectified in pouring. 

In dry sand or bam moulds ^ io 

a nicety ; where tiiiey are too sj[a(^j,^jilj^y^^ bii sicbB^ve coats of 
clay and black wash; and where. 
nibbing away some of -the sandin*^bam;V/^ . . ^ 
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a metal enst- 

^ Wi^ more durable than 

de, m ■which there 



‘dMle a .minMimi 



Vii jj^' sllrink,” that is, the 


p«#er«, and tlio 
mould yrhich ha» been 

inclieB or 

W the 'shtdee in the sand given by 


it from tlie moukl. 
v iP^ size, alio wau CO 

sbonld l?e of the pattern in tho 

sMid less than the length required. 

CkK)!' anl transparent, and of a light brown 
colour, and to tl^i|||»atiern maker. 

|| Break soak it for twelve hours 

%a8 much as will qbvk it, then melt it in a gluo-pot, a 
‘ apuble vesspl f. the miter vessel, which contains simple water, is used. 

that the glue in solution is e^v posed 

cknnbt water. Let it simmer gently from 

one tp two it should be kept covered. Tlio 

Ijequently exceeds that of tho 
fioUd wood considered the best woods to 
hold with glnel"' to the nnd grain of wood must 

he used niuch in the length of the grain, 

*-‘ ' 1 *11 ,, ,■ 


Ihvi^l 


End-grain 
the 

In making lop] 
,I>laned^ very true ;, 

^ itoly togetimr, and; ^ 






attraction, 
[y as.iprben the joint is in 


in Contact must he 
the two pieces held 
id from between them 


pieces Hi 
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fire. Tbe oyena are wnstnlf!^ ^nbif > ^tes tibionghoat, 

the pots thereby luA oania^il^'^nbict,^ ;either steam or 
wiiter. This alw is secolify of leakage, there 

boieg but one joipt in ^ flat one sitnated 

where the apparatus' is bolted at 3lie steam chamber 

is one casting. There ar»wa8te|^aBd-iib^ each side, 

and in the front is a coe^ for drawiag . The pts 

arc of iron, zinc plated ; , idib ^ges beiAg. tw^P'^alci]^ %b|L 
joint, prevents any loss of heat in that direj^^,'^9Che,cfflifets^ 
will liold one gallon, and each of the end'ones osfo.itfaird gaOdh" .A. 
zinc water-bucket is also; provided. The preBsaifo:;^|ifoe ovens can 
stand is GO lb. to an inch'vnthout leahage, but ^ steam e liawiW 
i.s tested considerably beybhd this; A great number of tdfose ovens 

' ■ ' ■ W.'iisL,. 
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are in use, having mostly taket^JlK. place of this old forms, which 
caused damage by leaking. [' 

A small fac^^the is mpMsen^ in Pig, 87, ^ is a very com' 

a large proportinp'^^e Wnfog ineddepWix^ .The 

expense of this machi^^ not nyly sh’ j|^ ff| ||, ^ ^pie(B'httt .yery 
little space, and is ihom^^cient face 

work of 16 inches or lathe, the 

operator stands dit.e^.y in side, as in 

other lathes espe^^ 
where face work(.8hd 1 Where a con-, 

siderable amount of lathes are 

invaluable ; all the work 
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a great miug 6f> time arid labour is experienced by haring tlicm 
both in us^ as.e| tingle lathe i$; generally at work when odds iind 
.^nds areiid be tutiied. V' 



\ vskM 


V AJil lallieB a^provKled with oiv'ifil^ftd rest stands, anti 
’other details* ^ ■; ; 

Thefi® lathes am also, suited 

brass mi comi^Ositiou ^YprIve8peci4ly^;, ‘i^or to; tlioy arc 
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fitted with a universal chnoh pieces from 4 to 8 inches 

d'uinoter as renulred. ' 

Fig. 88, shows a pattem-shffp^plte. made especially for that 
hind of work. At eadi end df a id provided a face 

’ '^oste^ /inii&e figure, so 


plate and also a floor rest, tlm’liaf 
that even large pieces of wori 


fu"e plate. ■ -i' , 

The main framing' ii, of ijbn, 

.grooves and ways to re(?eivo the sliding ahdjrhst stands; 

JaftiT aro finite a new thing, and made very ingeniously, so thatthfe 
rrst iiTid slide are botii fastened by a single screw in front. 

Wlion nocf'ssary, these lathes are fitted with .a slide rest, such 
jv.st, liciiig rer|nired in turning parallel pieees^'ftud this attachment 
i-: to he r^'Cfnnmendeih ^ ^ 


Tilt* Litlie sliown in Fig. 89 is a large face lathe, and is adapted 
U'-v n<o in all establishments where latge circular patterns aro 
»* ([iiiiod to be made, such as gear for water-wheels, pulleys, and 
11 111 lik(*. Tlie lalhovS aro made to swing to 6 feet diameter on the 
ii.sidij of the rest, when it is in the same position as in the figure, 
Imt wlien swung back, it can be made to swing a much larger 
(iiumetcr. The rest is on a pivot, which it to be J‘emoved 

uiid fitted on at a moment’s noljbe; this is ’\jieful in mounting or 
KHuoving pieces from the aJso enables the machine to be 

n-od in turning pieces of more than 6 feet in diameter on the back 
tiiid peripliery. , ’ * ' 

llio main frame is a single aisfing, and the counter-shaft placed 
iuslde ; the spindle ls ,3| inches in. diameter, and, the upright is of 
bniHs; the pulleys are made of wood, to ' avoid the extra ^-eight 
that would be entailed by the use of iron ones, but this latter (win 
ni’ coui\«e be used if preferred. Every lathe of >6 provided 

wiib three face plates, one stand, and four ; A flodr' stand 
is advised when larger pieces than 6 feel; 'dimeter to bo 
tuniecl. 

Fig. 90 illuFtyat^, a very useful -machw recently introduced, 
which has been found very handy when fixi^ tSfeteli, as shown. 
II is especially of advantage in squaring, b/')ifutiipg to any angle, 
Ibc ends ot* moderately aiz^ed ‘jytetes 'of ^ such, as for instance 
I lie cuds of segmental pieces, |fui|<^g up circular patterns, one 



irotTM>iMi AM> oibiijra. 


2^2 




of whiclt segmaiis, B S, is is positipn, ibe knife edges A H 
being open^ b; the righiMbd on lev«r bendle at H, while 
the otiher or left bond holda and adjnsts thb piece of wood to bo 
operated npcou ^ 
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Fig. ni illnstrnlSP&io method flj applying a recently introduced 
leather filletuig. A represents ibo'^pecially piepored hllet pioci s 
as supplied m strips, and B ithoim same leathei stiip lu uctioii, 
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after it bM been pressed bard into fim oomert and held in position 
by glue; as is tho case with wooden fillet pieses, bnt no sprigs ai< 
required (die advantages of leather fiir 4||e forposes stated ml, 
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that it readily adapts itself to aiiy< ;^i];mred curve, so as to produce 
superior work, while the cost is.li^ ,‘th«u when straight fillets of 
wood or lead are used, lead being ,<^n adopt(^ for curved parts 
owing to its being easily bent into. tib#, required ^hipe. 

A B and C, Fig. 92, illuetrst^ of metal 

dowel pins now being supplied to ordinary 

wo(xlen pins which ate liablei fp swell hold 

too tightly. With the metal ^ins t£bwa, tbil';t»nt^t occur, .while 
at the same time they fit store accurately ind ^together enable the 


la 


Fts. 02, ‘..'-T-''- , 

' ' ■ ■ ’’i. . ' 

moulder to produw cores quicker and better^ ^ fhs ramming 

u]) process in moulding is compl^d, the has become 

tightly held in the sand ; and r^uirea to b#^^[)p^ vig^usly 
before attempting to draw it out, in orda^oliMraj^ltS fiiould being 
as clean and perfect as, pcisdl;^. !'j;j31b luir^^ in this direc- 
tion, an iron spike ffi ii)0in$tin^)lhs^rtc4;.'^»)i^ of 

]iattcrn, which latter, a hammer, 

widening the mould in pattern 
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romp^tively free and easily -wiiLdrawii. When the pattern is 
large and correspondingly heavy, the amount of hammering ru'cc; - 
saty is very injurious, so that the pattern is destroyed and soon 
becomes useless; to avoid such damaging, malleable iron rapping 
plates are 6tted to the pattern, and fixed with screw nails as indi- 
cated at SS in plato D, ‘Fjg. 92, ahd having a hole H to r( coj\,! 
the .end of rapping bar. IMs jplate is also provided with a hole 
SH screwed as shown, the size 6f*ecrew varying from § inch 1o 
^ inch, to suit the lifting rods illustrated at E, Fig. 92, by means 
oi’ which the pattern is, seeiurely held as it is withdrawn from tL(' 
tand. ’ 

Wheel patterns are considered less indispensable. than they onco 
were, owing to the large introduction of moulding by macJiinei y ; 
but, wherever the productidn of wheel patterns is in large dem<nKb 
as it long must continue in mos»t Colonial foundries, it will be found 
Jiiglily advantageous to combine with this face lalhe, a well madr 
and accurate dividing plate, by the use of which an enormous w^i slr 

K itime on the part of the pattern maker in “ stopping round ' 
feh spring dividers, the spaces for the teeth of spur or bt \(‘l 
wheels, or those for the core-prints ” in mcu’tise-whecils, may b(^ 
avoided. 

Before being ui^l, every precaution should be tak<?n to ensure the 
accuracy of a wheel , pattern, -as to its perfectly circular form, 
and jutch of the teeth, and the central position of tlie hub, Ac. 
'I'he shape of the Jjeeth of somewhj^Ie inleudod for delicate maebinery. 
where accuracy of pitch, and noiseless revolution are important, 
is drawn with the utmost, uiojaty^ but it is obvious that no sUill on 
the part of tSe-di^ughtamatt 'mil mak^^^ a wheel work ^‘sweetly,” if 
the pattern maker dotis not strictly adhere to the epicycloids or oilier 
curves shown on Jhe drawing. 

Besides lathe^ there slioul^ be one or two circular saws, a band- 
saw, and a good “ general Jomef* *’ machine. 
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CHAPTER ' ' 

' / i ' ' 

MATEUtALS USED IN MOULDINU. , 

'i'riK ])riTic*ij):il materials used in the various branches ol moulding 
iu(i— sand of various kinds, clay, hkckeuiug, coal-dUst, and co^^- 
hair. 

d’ho material uf which the mould is constructed must allow of 
tlm p^issiige of air and gases which are generated within it at the 
lime of [joiiriiig, hut must also be of a sufficiently compact nature to 
iv’sist 1-1 pressure of the liquid metal, and to prevent its exuding 
through the pores. It must be capable of bearing the very high 
tem])erature at wliidi iron is pourod without being- aflectod by 
;in I j 1. must not be of a nature likely to set up any chemical actian? 
vvi:h t.lie molten metal. It must he easy to part from the casting, 
;iii { must give a clean, smooth surface to it. 

^(uid is superior to all other substances as a material for 
iovming moulds generally. For, in the first place, the hot iron has 
no chemical action upon it, though, certainly, it acts upon the 
mailers winch it is found necessary to associate with it, namely, , 
bbickening and ceal. But, secondly, sand acts well as a conducting 
jii( liiim for the air expelled from the space filled by the iion, and 
jo)- ihe, other gases generated by the action of tJjie heat on the 
iMu-keniug and, the coal. And, thirdly, it possesses considerable 
a«llic\sivcuess when rammed together, sufliciea‘l^;>?^di 0 ed, to make 
it jeUiin its form against the pressure of ttei melted iron; and, 
nloreo^el^ it is easily made to conform itself very accurately to the 
surfatio of the pattern imbedded in it. , 

Thxi locality of many an important fotindry has been determined 
by the proximity of suitable mpulding ^nd in large quantities, 
for it is evident, that a ji2|l>at deal '^f the 'success of the ca-stiug 
operations, depends upon thelselectionof the proper moulding sand, 
and upon its preparation ^ 
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■ , tijS Wfetai tiObe feast— such as for 

in8tittS^;‘|^«^^ :|or8t^bj^'ags— the it becomes 

to ne^B^. W^tibuB m- tbe aai^. ’ Oast iron is 

a special 

V to satid for qse in moulds 

£w '^ iroQ;,'"^ magnesia, alumina, 

metallic ojddea- and proportions of these, 

wi& oQcasionai itdndxtores ^|'6tber s.nbstauces, tbe quality of the 
sand dependa ■ ' : 

Ajllarge ^opoi^tioD ^ gives a refractory sand, but beyond 
a ceiMn permtage tbe cohesion is so much lessened that it is 
difficult to form the stmd into a compact mould, as it cracks in dry- 
ing, and is not thereforo im|)ervions to the liquid metal. 

’ The magnesia and alumina are useful, as they render tbe sand 
plastic and cohedeve. 

ilj^agneda fo Vfery refract^, and cements the sand very tlio- 
HP^^ly, so much so, indeed, that if it exists in too large a quantity 
^e .pofons nattire of thp mould will be lost — a result most carefully 
to ie.avoidedr ' 

• ■ AlumiiA, from ifo 'fondenoy to vitrify at high temperatures, is 
afooio be avoMed in lar^ proportiona 

Jt^taUfo oxidOT impair the refractory quality of the sand; a 


sand, thfiwK^, which contains more than 4 per cent, should bo 
rqected., I4«iei'if jt^fsi^'even td the extent of 1 per cent., is 
equally obgectioOjaWja, ; <■ \ • 

GouseqOfentlijr tike priad]^ element of a good sand should be 
silica, with a alumina. 

Sheffield gai|^; rtrluch - is used for lining the Bessemer 
converters, cont^lttk ab0^t:8li 'per cent, of silica, the remaining 
wn^ituents being magnfesta and duauna in nearly eqnal parts. 

■V; iaands for stove-dried monl& itaJ» jiS®>?wJfy alumina and 

oxides in thejr oomposition, ■ ' ^ ' . 

' IIjo bed! ffifeffiding sands W^bo &gland occur in tlie 

oqal'nGKaasa^t'ifod in the aew r^j^irai^ ; hut very fur mould- 
ing saiiuis are to be found in giiA^piffitdhalla, and also above 
fcheseLr;^ '..s.:, ^ ' 
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The sand of the liohdodi.bfm also among/the finest in the 
country. It is nniversalj^ enapjoyed in the manufactnre of fine 
fj;of)da, as grates, fenders, ahd the K£e. The sand in the neighhour- 


ao roraarkable in the’ hollow goods of the Oarron Iron Works 
find other ironworks in Stirlin^kOit^Bl^ lihose of the Saracen 
Iron Works, Milton Iron WoiW, fflbd other wellrtnoWn fonndrips 
iu and around Glasgow. The Belfast sanf is finer than that 
from Falkirk, and is used principally for fine machinery castings. 
It is also sometimes used for facing the moulds of ornamental 
work, to give a fine surface. It is, besides, excellent for hollow 
moulding, when it is fixed with the Falkirk sand ; but it is too 
ex{>(‘nsive for general adoption in that way. It is a mixture of a 
very fine adh|J^vo sand and one of a more open kind. Derbyshire, 
Shropshire, Lancashire, and Cheshire produce excellent sands. 

As sand from the new red sandstone possesses the (|liality of 
durability, it is generally preferred ; that which has not been long 
exposed to the action of the atmosphere is^nsidered the best, and 
occasionally the softer layers of the red sandstone itself are ground 
up ill the loani-mill, and sifted; sand thus obtained is suppo^ to 
luive a more crystalline textur^lhan that dug from the superficial 
sand-pits. ■ " 

In County Down, IreMd, they obta,in red sands from the 
new red sandstone. Good sands are also found in La^umrkshire 
in Scotland. In France the sands, are obtained from the tertiary 
formations ; while iu Germany they use but princi- 

pally red sands from, the new r^ sandsto^*C|;ipr^fe^ 
they mix fine-grained quartz -sand . steel 

crucibles, moistened with a little cky^i^ ;^h^Who’Ie is ground 
and mixed with anthracite coal-dust \ Fdr.;inouid8 for cast steel, 
it is necessary to fwng fnau^ quartz sand 

and clay. V 

Eock sand, .roc4j.:aud free sand from 

the sea-show,*' The former by 


hood of Falkirk is coari^ and^storebp^ is the pores, which uafits 
it for snchwork. It — ^pots and 

kettles, for lihe a|r through 

the inside body lof 



df ‘ soca 8i:ticles. It 


afibrds a heanlifol smodfli the casEngti firbrni ^otdi iron, 
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itself doe^ vary Veil for short cores which open into the saml of 
this mouldings ends, as it contains i jiroportion of clay in 

its it cohesdch. ^ But it requires to he 

mpderaied free sand, to make it ! more open for the boticr 
.escape of the air in its pores, wl^ used for;coi?e^ of considerahJo 
length, whicl^ of course are surroufaided on a;ll sides by the ii on, 
except at the small portions of .tii^!;i^tremities, by .^hich alone liie 
aiir' can find exit. Free s^d is alone foir such cores, hut 

it wants adhesiveness it req^hies to be tempered with clay-wafer, 
harm, or the refuse of peaseuieal^ ’ ’ In the use of the last, accnriicy 
i&ireqiiircd in [^rdportionihg first is used in ordinary cases, 

and the barm oiily ip* very particular cases. 

, In selecting sand it is nocessjiry to avoid that which contains 
crystals of gypsum; if it contains salt it must he thoroughly 
washed before use. 

Felspar, obalk, iron pyrites, and coal must also be carefully 
avoided. 

One great desideratum is, that these sands shoulllnot ho liable 
lo what is called “burning” in use, when iliey will only do duly 
once will any safety. This defect arises from the crystals in the 
sand not being sufficiently refractory to stand a high tempera tn re, 
owing to which they break up into fine dust, whicli, if wetted and 
used again, will set in a close and compact mass, and spoil tlio casting. 

Pmrimg S<Mid^ as its name implies, is used to provt nt the 
vaiious parts .of a'mould to be afti^^^ds separated from adhering 
to each otfier ; it^j^puM be colour than ordinary 

moulding sand, fine, gram^d^ and uniform in texture, free fjom 
salt and (?halky matter.!, Eedjbfdckrdnst, fresh free sand, or blast 
furnace cinder, finely groUnd;.ti3aay be used ; in any case the 
' substance used not be one’ tb^-t retains moisture. 

MonWing green^nd 9 iaulds, *as distinguished from 

the^natural rook sand referred to/lfe composed cbiefiy of tile latter 
;.%£thfa proportion of ground co^’ (or (foarcoal) dust added to it 
' These two materials must be thoroughly !mi^^- riitoughout^ and 
' afterwards maintaimjd in a that the sant^. 

mixtoe^lUGWproteced may have the properties 

that w31'iia|fie.it to retain any to it, and 

further, ^tion qf the 
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t asiiR" process. In ordinary practice, however, for economical 
rciisous, mouMiiig sand is rarely, made up entirely of new rock 
Band and coal-dust as^described, except for those portions of the 
mould next to tlie surface pf the pattern ; the latter stronger 
mixture of sand is therefore called facing s^nd. vThe remaining 
space in the moulding box is then filled* up with ordinary black 
sand from the foundry fioor, which has already been in use and 
emptied out from the moulding boxes in a somewhat dried condi- 
tion. This dried, and, therefore, dusty sand, before it can be used 
again has to be sufficiently watered and thoroughly mixed by 
turning overUnd over with a shovel ; this mixing operation is 
g(‘iiorally the first thing the moulders have to do in the morning, 
unless it ha? been alre^y carried out by labourers during the night ; 
tln^ latter method being’ often adopted in the larger foundries in 
order to increase the output, by avoiding the considerable loss of 
moulders’ time in doing essentially labourers’ work. 

Facing sand, for green-sand moulds as already indicated, is 
made up from new rock sand, with coal-dust added to it. and so 
R])e(ually prepared ea^di day by one man set apart for that purijose. 
For j)roper mixing, the sfind and coal-dust in the first place are 
laid on top of each other in alternate layers so as to form a mound, 
the size of which will, of course, depend on the amount of facing 
sand required. The man referred to then makes a vertical ent 
tlirough the mound of sand and coal-dust ; that portion 
mixture separated being turned over once or twice with his el^bvel, 
is then thrown into a riddle driven either by belt poWeir or by 
hand. \Vheii the sand has thus passed through a su'tuhle riddle it 
is considered ready for use. A careful moulder, however, will 
generally pass the facing sand again through a finer hand riddle 
or sieve held ever the pattern; this is especially durable for fine 
or ornamental work.’ - -I 

In making the foregoing sand mixtures ii is desirable, for 
f3conomicHl reasons, that the bLck floor sand be used up as far as 
I ossible in order to reduce the quantity and corresponding expense 
of now rock sand, the eiecess pf which over llie quantity of sand 
usually carted away wouM\>SiHimately lead to an in^nvenient 
elevation of the foundry ; -floor; •' Ipyel, apart from the additional 
expense of caitiug away tie ^icesS^^^d referred 
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.§ibte of catboDaceons mstteir the fomi of 

coalnhisi:^ tlae fadiig aand varies, and.m)l on the quality 

of sand asd abo .on the nature of the ttorlf^r which it is ajiplied. 

i^htdting, .hoiveTer, the fojilot^g proportions will he 
fonnd ge^ phustioe for gr^-sand. indnld famg sand : — 

.'Fiowe Sand 

t* , •# ' 10 piirts. 

^ New rock sand (good .• •• 5 „ 

Coal-duet.* .. ’ * ti f?ah, •• 1 m 

The proportioa: of eand to coal-dust may vary^om 10 to 20 
of sand to 1 of ooal-dust., . The proportion^ of jpse uifiteriiils 
will, of coxirse, bertetjicr and more satisfactory when obtained from 
personal experience and observations from time to time. 

With some kinds of work it may be observed that coal-dnst 
in the facing sand has an effect on the casting, similar in ap])Ciir- 
ance to that of cold-short, is due to an excess of gas gen(‘iat(Hl 
from the coal-dust during the casting process. This effect is 
especially noticeable at the teeth of small spur wheels having m 
fine pitch, by reason of which the teeth are not so well defined as 
k desirable* To obviate such defects the facing sand should liavo no 
coal-dust in it; Belfast red sand being used instead, in something 
like the foUowii^ proportions : — 

' 'Black door Hand ^ ;-i. .* Spurts. 

.. 8 „ 

^ ‘ riHl hand •* •• 2 „ 

CoaVdast in the. sand for gr^^nd* moulds is necessary, in 
order that tiid moulds may become more porous during the ciisling^ 
process, wh^^^ s^d-ajild clay (forming . the binding elements) 
become mtSiiEiBiS%!|sated 'and, 'perfectly d^cq^itcd or dried np by 
the beat of ' thS^iowing m^ftsl. Thai portitm of the coal-dust 
'^tiguous to ihe (-asting: imder a chemical change or is 
' bimed out, neces^tftting the addition of. e(wb*dnst to that portion 
.of the sand mould wt to the pattern, w^ich hiiB again to resist tin; 
direct inflneuoe of the liquid metat^ contact, with, it The sand 
t^us . peered, as already poil^ei|^^^j^;^(^n.M faping sand. 

mixtuiD ffiyh]g4wiidjHd;i2r) i8..yer^ 
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nst d for inoulcI|j^roTiglBut without the use of other facing jtes ; 
wlicu for light^'^tings or those mda in small hand boxes. This 
siiiid is comparatively fine, andidike all' iotfeefr , mixtures, becomes 
Idack by using it over and over a|ain; it requires renewing,, how- 
ever, or strengthening every three i^r four day^ bj^'the addition of 
a small quantity of roelc and as 

that just stated. ' ; ' . *!;.V .. 

In green-sand moulds Jfdr gun-metal or trass casting generally, 
the sand used should be entirely free fwm rock sand, neither should 
coal-dust bo used, as is the ease in green-sand moulds for iron 
castings, Ix'oause these latter materials, when contained to any 
extent in the brass moulder's sand, will produce castin,:;,^ which are 
very rough and coarse, owing to the coarseness and nature of the 
Ba7id genera lly. ' , 

'riio sand which see^s to give the best results in green-sand 
moulds for ordinary br^ castings is obtained from Belfast. It 
h.is a very fine grain, makes a sufficiently strong mould, which, 
when necessary,' may be patched or dressed with comparative ease. 
Its colour being decidedly red, this sand is easily distinguished from 
any otliers, and is known in the trade as Belfast sand.’' In 
ordinary practice it is used over and over again, so lhat it becomes 
even finer in the grain and more- suitable for certain kinds of cast- 
in gs. It is usual, however, to add fresh Sand every four jp^five 
days, in order to retain the required properties, and at ty|||fe 
time make up for the loss which takes place, by a small pr^||Pdn 
of the sand being carried away on the castings eai^, and 
uflerwards removed or cleaned off by the dresser, ' ; ; ^ 

Rock-sand mixturerof the following pro^TOrtions are also 
by brass moulders, when for producing theheayier;olass of castings^ 
flu; moulds for \^ich are dried, the same dry-sand, moulds 1m 
iron castings. ■ . ^ ^ ' ^ ' ''' ' ' 


Rock saiK^ (new) .. •• .I part. 

Rock sand (prevtously used jbi (hr^-aiuid mouldfi) 8 parts. 


*- % r* 

Cores for braes oaetmgs, iybi^^ dried, are often 

luadc from the foregoing irooden saw- 
dust mixed tbrougbont, the the core more 

porous, so that the g«|see mav ^Sl^, casting. 

* A''- .' p2 
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red ^nd, witli the addition of gnmj|fe also used for 
the very lanaU cores. In the brass foundry thi^e^ are also dried 
beforojiBiDg. " 

. tiondbh Sand^ of a white or yellowish colour, is sometimes used 
in Scotland, esjftecially in the ^t or Edinburgh districts, instead 
■ of the Belfast red sand referred to. 

. ^ The sand mixtures us^ for making moulds, which are subse- 
quently dried^in stoves previous to the casting process, are of a very 
different nature and quality from those used for green-sand moulds 
just referred to ; and therefc^e require different treatment in tlie 
hands of the moulder, the special knowledge of which constitutes 
what is known in the toade as a dry-sand moulder.” 

As in the case of sand mixtures for green-sand moulds, the 
feeing sand in dry-sand moulding is of a stronger quality tluin 
that used for filling-up purposes ; the quality of the latter mixture 
being, of course, less important, and, therefore, made up of less 
expensive materials. 

The following proportions will be found suitable for dry-sand 
moulds : — 

FiLLTNG-tJP Sand. 

Floor sand (previously usetl for dry-^jiiml uioulds) I pni-t. 


Drie<] lomn ijowdcred down 1 „ 

Kock sand (good quality) .. 2 parts. 

' * FACiiffo Sand; 

J>ned loam powdered down % /. .* •• •• 1 part. 

, . , Bocl^ sand (good quality) .. . 2 ,, 


The latter, .mixture, it wiir be seen, is the same as that for 
filling up, except that no, floor sand is used. In each case the sand 
should be slightly watered, in order that it may work well in the 
finishing process; . 

Core Satid for Dry-mid Mindds. 

; . . This sand is usually of less strength than those mixtures just 
' a^f^ied to, the composition being as follows : — 

' ^ Eoek sand (good quality) .. « .. .. .. 1 part. 

; , Floor sand, already used and emptied from dry-eand\ | 

moulding boxes .. f ^ v 

T%i£l latter' mixture is often tised in dry-sand moulds for plain 
and ^herwise ^mple easting. ’ It^ is not so suitable, however, for 
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the Bkiunmg or sleeking of the bkcking alter the latter is laid ou^ 
owing to the inferior eohesiye or binding qiality of the sand, whieb 
causes it and the blacking io lift readily and cling to the sleeker or 
trowel, therefore demand! ing additional, care^ from the moulder, who 
finds it advisable m most cases to the pattern witlt about 1 inch 
in thickness of stronger facing sand passed, through a hand riddle 
previous to filling up the remaining space in the mouldmg box with 
sand of the inferior quality just referred to. 

Strong Clay-water is sometimes added to the already used 
sand emptied from the dry-sand moulding boxes, instead^ of adding 
new rock sand as in the mixtures already described. The principal 
object in using clay-water is to reduce the cost of the sand mix- 
ture thus produced ; the value of which will be more apparent the 
greater quantity of^nd required. The clay-water is usually 
added wlKn the sand iiHlwly emptied and still hot. During this 
l)rocess it should be well turned over by means of shovels or rakers 
until thoroughly mixed ; after which it should be passed through a 
suitiible riddle. In such a practice it is usually found necessary 
io sir<;ngthen or renew this mixture of sand by adding a quantity 
of new rock sand from time to time, and at difl'erent periods, vjiry- 
ing according to the requirements and experience of the moulder 
in charge. ^ . \ ‘ 

The following composition of clay and sand will i^||[||K 
give a very strong mixture suitable for resisting the hea’^H^^r 
wash of metal which sometimes takes place, especially at tlie deeper 


parts of a mould : — , it. 

Floor snud, emptied from dry-sand moulding bloxes .. «• 3 parts. 

Clay, pure, auil of good quality ,, 1 „ 

Kock Siuul of good quality .. •• •• 3 „ 


A suflScient quantity of water, preferably thickened by means 
of fine clay, is necessarily added during the mixing or grinding 
process in ilie mill. The completion of this process and quality 
i>f sand produced is now ascertaiiied’by jimply taking a handful of 
the sand and compressing it slijg:h|iy. The binding properties of 
the mixture are now fairly well iadicai^d to .^n experienced moulder 
by the nature and resistance offei^ed Wh^ .bi^akm or separating 
the sample into pieces r 
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S(^ for d^^sand^iildB, it will liave tieen seen, nre 

always ^^licoin'i^tui^Ure of blai^ing/eoal-dust, or otlier inflam- 
maUe m&Wiali/p^sikablei by fii^e the drying process. Such 

inlxturcs, niittSt, howerer, have a-|f& ^^'n, and when thorouglily 
rhried, he sufficiently open' in to permit 'the free escape 

•of tm gases geneiatt^ dnrmg'the^i^a^ktang proce'-s by the intense 
lieat of the moltt|n foetal. , 

' I/Oinm. — Afl^ sand, lof^'is tbs' founder's greatmatcrial. AswilJi 
fire clays, a chemic^ ^alyns'^ sdl loafos and clays should be obtained 
before any large pnnfoases &t these niaterials are made. An experi- 
enced monldm' will generally be able to form a pretty correct judg- 
ment as to the q^uaJitice of. these articles, testing them by observing 
their plasticity hr capacity for taking and retaining impressions. 

The clay generally used is either egfeieous or fe^ginons ; 
when it contains a considerable proporajP of sand, tWmixtuio 
is called loam. At a red-heat these sul stances j^art with their coni- 
biuevl water ; most of the chalky clays fuse at the melting point of 
cast iron, or become vitrifiedt 

The ferruginous clays, or such as contain alumina and silica, arc 
, more refractory. Pyrites and limestone are objectionable in clay oi 


loam, and fiinty pebbles should also h© removed before the clay is 

, should not be allowed to get bard and dry in tht; store 

o^jjH^^ it. isffonch more difficult to get it to a proper con- 
Bieli^A^fowmid.f ■ f X and' alkalies are to be avoided, and any 
clay.eohtaiuihg foote th^ ah'^iik ^'P©^ ©f carbonate of limo 
shonid be rejected. : ^ 

.In cases wliere a fouitdry'^^poiseepes its ow# clay*pit, the clay is 
fjp^0en%“weatk6r^'" to the action 

.vjijpithie "Winter’s firost, ifotU Ife fo ?r^Ufo^.;^l|f%rouud and mixed ; 

this fomewhat focilitates the Jatfoi^ 6pefol|iu^* , ’ 

. jplays which, do not contain liny sand ^nire to have some 
^pnnd in and mixed with fhefo';.;.A|early. every clay requires a 
'Ua^iU' propoition of snod aidd(^;fo.i|^fo;^ that the loam may 
" , have tlift necessary porq^ilyj the strength of loam, 

'the' ^foejtime r****"^-'- 


substa'hf^, ■^a.Tft -beifo' ^si^^ 


the ttioMi 

-"V \ 




f, various oilier 
Amongst 
coal and 
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coIt, horse-dung, straw chaffs i)lmterers hair, hran and chopped 
tow. These maleriaK, ivhon abided, must be thoroughly mixed 
lliroughout, care being taken not to ba^e them cut up or ground 
too Hue in the mortar mill, as by doing eO the loam produced will 
liav(‘ lost much of its binding powejr. 

Black loam, as it is usually tetmed, is a comparatively cheap 
(juility of having strong binding or cohesive properties, 
which make it suitable tor vazions purposes in so-called loam 
inouldiug, such as for brickwork setting, in which it serves as 
mortar. The first coating of loam for round cores, which requir^ 
K) he strong, is also made from black loam. The final sealing up 
nf cracks and oiler spaces where metal might o.-cape, such as at 
1 o\ partiujs, &c. is also done with black loam. When certain 
]><)rli()iis of the brick Imilding in loam work are likely to be cut or 
^luij)ed afterwards by the moulder, or wheu narrow portions, such 
a- oit(‘u occur in the building of a loam mould or core, the proper 
^ (‘uting is obtained by building these parts with a com})arativeIy 
soit 1)1 ick made from black loam. Tbc^e can re<ulily l)e made in 
the foundry, of any desired form, by means of spicially made 
wooden boxes or moulds for the purpose. 

The following composition of black loam will be found to give 
the desired binding properties : — 

Black Band from the jobbing foundiy floor 18 pai 

Pure clay, of good quality .. „ ,• 4 „ 

Water should be added during Uie grinding or mijling process, 
until it has reached the desiied pls^tic or loamy condition. 

Burni core is sometimes used for producing black loam, but 
owing to its hardness the grinding process takes mtMih longer, and 
it IS tlierefoic more expensive^ and not so generally adopts, es[e- 
cially when sutlicient Hoor-sand is available: 

Boughing loam is the quality used'^foir.'SM coating the brick- 
work of a loam mould br core. It strong, 

} ( t open when dried, for the free 0Scapj£( of The ga^es formed during 
tlie casting jirocess. Th| following comjHJSition gives the desire! 
properties — m ‘ i*\ 

Sharp pt river sand , h W *• 12 purtB. 

Clay, pure, Sip 4 „ 
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Owiog tfe kmottnt of clay used, tbe first coating of loam 
shrinkp or contracts considerably by the heait to which it is (ix- 
posed during the first drying. It is, therofoi*e, necessary to re-coat 
the sur&(^, with what is known as second coat or finishing loam. 

Second (yr finishing coat of Iqaviit it will he seen, must be of 
a nature &at shrinks less and does not crack in the drying. I'he 
proportion of clay is the^fore reduced^ and fine sharp sand added 
in the following proportions 

Fino sharp satid .. «• •• .«• •• 10 piirts. 

GuiiTHt*, sharp or river Hand .. .. •• 4 „ 

Pure clay, of good quality 3 „ 


Still another quality of loam is that used for special work, such 
as when the loam is intended to adhere to the metaP surfaces oi 
collapsible core-bars,, without the use of straw rope. I'hese core- 
bars require to be sufficiently heated, in order that the loam may 
adhere properly. This kind of loam must therefore contain a con- 
siderable proportion of clay, as seen by the following composition, 
by reason of which the coating becomes badly crucked in the 
drying ra^nlting from shrinkage. A second coating of loam is 
therefore required, as in the previous examples. 

The composition of loam just referred to is as follows ; — 


M > ,;Coar8e, sharp sand or gravel (from riror iKjds) 2 parts. 

clay., of good quality 2 „ 

[V^hahTor lAiill 'sii$ed8 .. ".b, .. 2 „ 

■.While iti^J^ teen c^Bered advisable to give tbe foregoing 
proportions^ and inatei^ls used in moulding sand and loam mix- 
tures, which ar^.availiible and considered good practice throughout 
.-.the Clyde 4nd LanaflcRhu^ districts, it must always ho left for 
.each founder to cousid^ foar himself wh^t' ere the best materials 
.'jsyailable in his. partieulat ^liriqt, also the i&osit suitable mixtures 
, io^adopt. The proportions ^or the lattei* will depend -chiefly on the 
{'gnahtybf sand and blo^ avai]^ye,,ahd th| relative cost of those 
• imterials when delivered inW his ■ 

^e loam mill-men, in Edition' ^ n^iiig the various kinds of 
Uw i9aidiclated,^are also leq^h^^-'liHyb^d>)nix -sabh materials 
' ad ibfli Mawmgir- 

yirief^a^_ mk^ire for. for the daily 
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rf-paira to Jihe onpola lining, or other refractory linings such as 
stove fires, etc. 

Fiic-clay Cpure).. •• •. »• •• 2 p»»rts. 

li luck loam «, ^ 8 „ 

It is, however, not always-found economical to mix the fire-clay 
with black sand as stated ; pure fire-clay bejing found the most 
serviceable; in either case^O preparing atid ^ much 

better accomplished in the pan milL ' ' : 

♦ Clay mixture, used for making tapping-hole plugs, is also best 
made in the pan mill. These plugs must resist tlie heat of molten 
metal without becoming too hard, and at the same time be of such 
a iialnre that they can readily be picked out just as more melted 
metal is required. A good composition. is as follows, all mixed and 
giouiid together in the mill * 

Mixturk fob making TAPPiNO-itotB Flogs. 

Pure citiy, of ^ood quality .. .. .. 4 parts. 

Mirioral blacking «. «, 2 „ 

Co:il-dnst .. .• .. *» •• .. 2 „ 

Fiie-clay (pure) •. .. 10 „ 

The annoyance and delay often experienced, owing to the 
dilliculty of penetrating tliese plugs, is generally due to its having 
h'come baked excessively /lard by the heat of the molten metal 
against it. This naturally makes the furiiace-tnan, who be 
blamed for such dfelays, very particular as to the compositioh 
material for making the plugs which he uses. * , . 

Ill addition to the special preparations of moulding sand and 
loam referred to in the foregoing, it is necessary, in order to 
produce a gpod clean- surfaced easting; that the face or surface of 
the mould be prepareef wijih some combustible substance, such as 
blacking, wliich will enable the mould to, better resist the penetrat- 
ing ael ion of the hot liquid metal; as where the liqiiid metal is 
allowed to come into direet cont|ici with sand of the mould, a 
portion may combine with the sand^ to.^foiito" a fusible compound 
(silicate of iron), which entors the: spaces or interstices of 

the sand, so as to jie^ but a rpu^^urfa^d casti 

In green-sarid moifZds, the h1S|S|ymg % applied in the powdered 
state, by shaking it thtough u" porous hag, hold over the 

surfaces to be coated. down and 
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emoul^ bf soimblB metal jleekerfs, b 6 ins . 1 $ make the 

stein tThich adhere better to the sand at the 
by.rea^n bf wbiidi it will better reaist 
■ 1 ^ a portion of the 

li^^n'oi alw^s,^rri{^!aWay by the wash of metal, 
and bmbg aeompantttveiy iight;iiab^anee, it nltimately gets to the 
J^t^p or highest paits its presmice will be indi- 

. cated at the cortespondiQj^,j^|t 6 bf''iil£b''n^ by a peculiar suriace 
•npi)earauoe similiUf tb that- resalting from the use of dull or c(^J 
run metal. Thisi 6 f cbnrsla, is olgectionable in a casting, and to 
avoid itas.mnch as possible, >he top parts or highest surfaces of 
green-sand moidds are soaietimes left without a coat of blacking' ; 
these pai-is being often fouiid afterwards to have been snfiicieutly 
ooat§d and prptiMt^A^.;!^ metal by the blacking which gathers 
tlier’S iibd' is from other parts of the mould by 

the wash of dnring the casting process. 

, -In loam a^^r^-srad monHs the blacking is applied in a liquid 
/bendition, by it'on with a soft hair brush or swab made 

", of looee hemp, tiW desired density being obtained by the addition 
bf clay or thickorSeid' 'day-water, the usual consisteneo of which 
corresponds to' thai ,nf good thick' cream; . Before proceeding to 
.bilking a loam being tte^-|, 4 ried, its surface is usually 

■ wetted finisliing and sleeking 

,^j|i|'§i!S^,,necessai^»foi;;the’’'^^ of good clean and sharply 

.'dietfiniM fflasfmgs; i,; .!?he v^j^j^shapes of metal slcckers geneially 

nsedi are th^e slipwn at a, 'i, <?,4.'etc.. Pig. 105, page .'IH. 

1 he essmitial , prop^y of JWm'ktng, as a protector of the sand 
, fonning the s^r^wSe (^;ii,.'jn^liVfrom the scor^ burning 

:* tendency d! ths'imdtrm ^ inflanimalnlity, or that 

^ property by reason pf ^ high teiiipeiiitnivs 

' such as that of molten .which if not allowed 

escape too Itredy surface 61m or slr.ila 

between- the jpaelal heat-conducting 

-property otwlhkjh is pilBVen) bnim^ the sand. 

■ nSa-Ooindneting is excmplilied 

by dbWijBig;, drop of liqnii 'dH^if^^' i^ a. ^ho^ surfiuje of 

wo 0 d[, ,-w^^^t^|he disHpu-ed 

the forming 
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into small spheres which, dart aJtoht with the slijjhteet movement 
TIk; reason (in the case of drops pf; &etul) is partly due to ; 
the immediate production of g;as fr^ the heat of the 

adjacent drop of metal and by fitter is supported, so 

as to prevent direct contact, until .1^ coolt^, down 

oufficicntiy that it ceases to ‘gen^ate ;^j!‘^:;i;r\' ; . 

When comparatively he|yy casting are’ made green-sand 
moulds, the action of the prolonged' hsat /from ^ molten metal, 
may overcome the amount of bla^ng used to form the protectmg 
skin, or surface of mould. In such cases it becomes necessary" to 
further resist the penetrating and scorching effects of the liquid 
nif'tal by adding a greater proportion pf coal-dust, and mixing it 
tliroughout the moulding sand used. 

For lieavy castings in dry-sand or loam moulds, the thickness 
of the blacking or blackwash coating should be conrespondingly 
iiicro;isod, in order that the moulded surfaces in contact with the 
iiiolieii metal may be better able to resist the greater scorching 
toudeiicies resulting from the lengthened period of exposure, due 
to the comparatively slow rate of cooling when^ the casting is of 
considerable thickness, and correspondingly heavy ; the sand farm- 
ing the moulds, and «^%eciully that forming the facings, in such ^ 
cii.‘-(‘s must also be itself of a sufficiently refractory, quality to 
obtain good results. ..S .. 

The use of blacking, although desirable and necessary for the?)^‘ 
jaoLliiction of good clcan-skinned kon castings, such as are required ^ 
tor machinery and engine work generally, may he dispensed with 
to a considerable extent, or even entirely, in the production of 
many otlier kinds of castings ;whidh are subsequently unseen by 
l)cing buried in brickwork,' masoaiy, or under the ground, and in 
wliicii castings strength is the'essentSar ejf^enjb, while the quality 
or tiiienoss of the surface is 6f little at so long as 

it is regular in thickness, and 

When castings are re- 
quired the qnimtitj^ls unnecessary 

rcliiicuient means a cptjrespcmdiftl^l^ra^ei:^ increase in the 
total cost of the undertaking..;‘as, therefore, 
foi tunnel plate be blackened, 

( xcept at thoso pa^ pf 

holes or metal of blacking will 
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e'uable parts better to resist the contianed wash action of the 
metial ^ drops from t^e nipaers^ natil the metal has HIIkI Iho 
mould ; witiaout these patches of blackinf; the mould at thosit 
paits soon becomes scorched, so that pieces of sand are likely to he 
detached therefrom, in which event such pieces rise to the top of 
the mould and lodge there, producing what is termed sand holes 
in the casting, by reason of which, it may be unfit for use, and ho 
condemned. ' ^ ' 

The surfaces of such plate castings are generally comparatively 
coarse, owing t6 sand adhering to them ; when they are brushed 
properly, however, although somewhat more gritty than those of 
castings from moulds having their surfaces carefully prepared with 
blacking, they are still essentially as good, because they are quite 
as true, regular in thickness, and otherwise perlect throughout. 

’V 

Sand and Loam Mixing. 

For the purposes of mixing and grinding of the different tiiuls 
of loam and sani mixtures indicated, various types of machines are 
How in tise. 

For sand mixing there are many different forms of riddles, 
beginning with the hand riddle for small, quantities, or where 
ape^lly fine sand is required When a considerable quantity of 
' ssdid is used daily, a very. common type of riddle arranged for belt 
driving is that shown in Fig. 93, the vertical spindle of whic h 
runs about tfiO revolutions^ per minute, with a corresponding inim- 
ber of oscillations to the riddle. This machine consists generally 
of two -separate screens^^S inf^hes apart, each with a surface of from 
8 to 10 square feet, made iHch wire so as to form 

square holea, or two mesboa per Juch, and capable of dealing with 
20 to 25 cwt. of sand per , hour, tThe sand after passing tlnough 
this madiine is again piissod. though a finer hand riddle uf 1 ui- 
meshes per inch, when tianBfpriijpif it to the Wrovys for dit-tiihu- 
vtiou. The fihei 'iss of th’O stfnjf/ptoduced in [this manner will he 
. suitable for good gencraL.cast|Dg8 ; a still finer riddle being some- 
time .used at the job if the '^tihg^to Ve produced is particularly 
intricate or finely ornamental. . ' , . 

With large riddles of tho fotegoin^^^pe the effect of the vik^.- 
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lions become excessive — so much so that altimatcly the wall fasten* 
iii"s (ind even the building itself become loosened and difficult to ,, 
keep in good repair. In such ^es jit may be found advisable toi 
adopt a revolving type of i!id4Ia, sdich”#8 that shown in Fig. 04, by 
wliich all vibrations are entirely ajfpided, and at the same time the 
Siiiid is mixed and broken Tip .even .tietter than by the oscillating 
type shown in Fig. 03, As indicating the rate at which sand can 
be mixed by, and pa^ed. through tte revolving type of riddle 



Fie. 03. 


(Fig. 94). take, for example, a riddle with a revolving barrel of 
3 feet diameter and 4 feet long, made np o longitudinal bars J inch 
diameter, pitched so as to give a space of f of an inch between 
each, and slightly inclined, as shown, in eider to facilitate the 
downward passage of the sand, and prOj^rsdistribution of same. 
Witli this machine running at fronai 16 20 revolutions per 

minute, 1 0 cwt. of sand dumped ii)to ft thrdtigli the shoot, passe<l 
through the riddle bars in one mi^ntei thoroughly mixed. 

It will be seen then that by mfeaira of some automatic bucket- 
feed arrangement, such .(^|that shdwn m b'ig. 94, which is at the 
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same tpe^ratable for transferrin”: and imsing the sand from a 
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riddle than that referred to is capable of dealing with considerable 
q:naniiii^ of sand. Fig. 95 shows another arrangement of re- 

■Volving riddle, consisting of six flat- 
sided screens mounted on cast-iron 
.:(E^d framing, fitted with shaft for 
- ^ecti bdt driTe. 

; -.'Tie speed of revolving riddles, 
.it t^onld be noted, is limited, owing 
to the- ceaitrifugal action, by which 
the sand at excessive speeds, would 
:.<dihg ldl l^nd the interior, and shoot 
in eve^ dilution. 

gg '• Anotbor Cype" of revolving sand- 

ittping machine having distinctive 
ppipts ‘worthy of consideratiOa ht th^simwn at and B, Fig. 9f!. 
, th lathis. the minng op^al^^^lm' i^olt of centrifugal 
foroe, > For this porposa the v^t&al;M^^:F^j^'‘;^'fflade to revolve 
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at a considerable speed, the pgwer for is applied by means of 
a lielt running horizontally over the ptiltey P sho^ The ^ntial 
or mixing portion of this machine c^I^iteof a horiistmtal disc DD> 
beyt'd to the top 0 ^ i^tci:tical::a|^i^e,.tt^^ being fitted as 
shown with vertio^kes or‘pha.S;h#i!ged in.^ncentric circles. 
'J’he cover and bell^iaith^, shoOt' B Mis hinged at B,«) that it can 
he readily thrown op^ ,&,i' ihsp^tibn of the- interior. The sand to 
be mixed is thrown^into the belltoonth^ feeder B M,leading to the 
central portion of tlte;'ii 9 i’i^Htig disc th When it reaches the disc 



it tabes up the circular motion, hy reason^^ which * acquires centri- 
fu'ml force or energy, and beiUg free to move outward, 4ho various, 
particles are t^^us ’e to ta^' up a .^ually in^rearing linear 
velocity, until', when it hSs r^hed ftfe-^ter 6^<»f revolving 
plate D. where the velocity is -gre*eB^^^fl^|tgsd force which 
is correspondingly now at its grget^ 

be finally dashed and broken up'ags^J^^Wrtnlar wall C , 
which arrests its ontwa’d ,motio|iia^‘^«|i^* ,the^ to f»lj 
(■■illy through the annular space left la^'g&iea the ' outer wall C \V 
mid the top part of pedgW as] fewaking-up action 

just referred to it 
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arrangement of spikes, ot pins ehowny. by means of which the par- 
ticles of sand f^e retarded in their outward course, and receive 
thereby i series of shocks or blows in succ^ion, before they reach 
^ the outer; vital C W. , . ; ' 

It isyokimcd that the shod particjei ibxcdni^p and mixed in 
the manner described are much sharper 2md i^mfore become more 
cohesive, than by the usual, procraseh in ‘vjhiqh the particles are 
mixed by a process more ol nature of r^hhing the particles 
against each other, and causing tim or less rounded at 

their edges. In ord^, to show the an results obtained the 

makers of the machine illustrated in 36 have taken samples 
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of sand after treatment ijn’ th«& machine, as well as after treatnuent 
in tlie ordinal riddle. of^X'&ese samples when examined 

under a microaftin are said ^ j^pesent the marked difference in 
appearance illoj^pll at Ajmd Bf.-fig. 97, in which A represents 
monldcr's sand ipljt tr^^eiit in i^centrifngal machine, Fig. 9G ; 
B represents the same^asnd aft^ trsatpaent. in an ordinary riddle, 
such as that shovm k . The sample represented at A 
indicates that the particles origins of sand have been broken up 
SO to leave the broken edges ^arp, while the ordinary riddling 
effiect repi'^iled at B indicates . that' grains of sand have 
merely been rubbed against each tiiat they hare become 

moi^ ronnOcid aih|he various corners . 
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By the former and newer method of mixiag represented at A 
ilio sand should become finer, stronger or binding, and, at the 
same time, more favourablo. for the free passage or escape of the 


gases formed during the casting process. ^ . . 

In ordinary practice, howeye'i?^ oftener treated by 

riddling, or by grinding in the ord^aary inill, hy which latter 
iho sand in passiug^fpugli below the h^ry 3D0lfors has its grain^s 
l)iuk(‘n up so that jW^^^mined under the microscope they will 
no donht exhibit, to a'lj^^^rable extent, the 'general shat]^^ss 

Pan mills now in use HaVe Various forms of rollers^ in order* to. 
ui]>ro\ e their efficiency, for the difierent kinds of materials treated. 



Fig. i^S. 


Tlio gearing in some types has been removed from the more 
coinmoii overhead position to underneatli the revolving pan, as 
illnsiiiiled in Fig. 98. The attendant hy this arrangement is less 
exposed to danger in the event of the gear brea^hg down. 

In an ordinary pan mill the rollers should, ^ chills, as 
in the case of car wheels, in order that they the exces- 

sive grinding to which they are 8nbject^^:;^^fflB'foay be cast 
(‘iilier hollow or solid according to the to deal 

])roporly with the substances trcitt^; These roHers, on account of 
ilie excessive wear, should have tSv fitted with a liner or 

bnsli, their rims also should be TSime ^parate,as shown in Fig. 98, 
so that they may be readily., remov^ &iid replaced. For the same 
reason the revolving ^lold be. prorided with a fiilso bottom, 
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made in halves/BO that when worn too thin it may be r(5p]ace(l by a 
new ono without delay. By means of verlical guides on colnrnns 
at each end of the roller shaft, the rollers, etc., are prevented from 
running round with the revolving pan, while at the same time these 
guides provide for the automatic raisiiig and lowering of the rollers 
from the pan to an extent varying with the weight of the rolUn’s 
and the hardness of the material being The rollers are, 

placed at difleront radial distance^l from^ the liltre of the pan, so 
that^ as the latter revolves, each roller zttgss in a separate patli, and 
th^ are scrapers fixed inside the p^pwhich turn the contents 
over and over, and direct them towards tho rollers. 

In some places separate mills are used for mixing after the 
grinding of the materials has l)een performed separately. The 
verticiil rollers are then replaced by discs having a number of arms 
projecting from their side surfaces, so that as they revolve these 
arms turn the ingredients over and over in the pan, and tlioroughly 
miuglo them. 

‘With an ordinary pan or mortar mill of the followijig dimen- 
sions : — 

Revolving pans, 10 feet 6 inches diauK'ter and 14 inches deep. 

Two heavy rollers (solid), each 3 feet (i inches diameter and 
12 inches broad. 

Speed of revolving pan, 10 revolutions per minute. 

Horissontal sbaft carrying the two rollers all free to move in a 
vertical direction^ in order that they may accommodate themsolvt's 
to extreme variations in thickness or hardness of the materials 
under treatment. Two men arc capable of charging tlie clay and 
8(ind, also doing the necessary riddling and superintending required 
during the mixing, grinding of the loam, and discharging same at 
the rale of frp]^;2 to 2^ tons (the full capacity of pan) in from 
2 to hours,™phat is approximately an average of ono ton oi 
loam prodnccl^pr hour during each working hour throughout 
tJiO day. ' 

MoiTLDKIls’ BLAO|prG AND PLUMBAGO. 

Th« importance of blacking in the production of good clean 
castings, dcmanils ilwt we should het^ refer in some detail to the 
various kinds of blacking, &c,, now in 
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Wood or Charcoal Blacking varies considerably in quality. 
The beat, however, is that inade ftom thoroughly carbonised oak. 
To obtain it pure is next to impossible, it being generally mixed 
more or less with other hard wood ehars. Wood blacking, although 
pjThaps, the earliest quality of blacking, has how been superseded 
for certain kinds of works byoth^ ' Owing to the liability of 
wood blacking to become burned, it is less suited for loaxmhnd dry- 
eaud moulds, which require te go through the process bf drying, 
and are, tlierefore, the fire. Wood blacking, however, 

is still extensively used, eijpejrially for greeu-sand moulds. . 

Oak charcoal being expensive, many attempts have been 
io substitute other materials for blackening; none of these haVb . 
Ixaui very much employed except caihonised peat. A method 
of treating pejifc for this purpose was described by Mr. 0. E. Hall 
in a paper read before the Society of Engineers in 1876, and it 
was then stated that peat blackening had been used for light and 
lu avy castings and cores, with marked success. 

lilciclting W’as first introduced about thirty years ago 
by the still well-known Glasgow Patent 3Ioiilders’ Blacking Com- 
pany ; it is essentially pure carbon produced by the distillation of 
jiiiinHiii oil. This quality of blacking is now used for all classes 
of work, including green-sand, dry-sand, and loam moulds ; also 
moulds f(jr steel, malleable, cast and gun-metal castings. !lhe 
im])ort:int properties of this so-called patent blacking as compared 
witli ordinary blacking, are that it mixes readily, does not scale, 
blister or bum in the drying stoves, even when exposed to un- 
usinlly liigh heats. Along with these it will be found that less 
])atrnt blacJdng is necessjiry to produce good results. 

Mineral Carbon Blacking is usually produo/^ from gas-works 
char, and is, therefore, a mucijl^eaper quality bf . blacking ; it is 
extensively used when a fine skinned casting ^f so much* 

importance, it is used also extensively in dry* i^nd and loam 
moulds, as it is not so readily affected by the heat in drying, and, 
llKacfore, gives comparatively good results.. 

Plumbago Blacking^ or as it mmetimes called “ black lead,'* 
is obtained in Ceylon chiefly, thm quality must not be con- 
founded, however, with the black lead” or "graphite” used in 
the manufacture of p^cils, gra^ polish, &c.; the former is 
■ '2 
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insolnlilA ia water, although when finely ground it mixes with 
it reaSISj, while the otiber is perfectly misdble in water. General ly 
speaking, plmnhago is only used wh^ it is especially desirable to 
have a fine-lbolcing surface on citing ; in such cases it is used 
only partially and in conjnncMoh with ordinary blacking. For 
^:een-sand work the mould j^lidack^ed in the usual manner, and 
afterwards dusted over slightly with plumbago. Moulds treated 
in this manner are more easdy sleeked, and -tlieir surfaces have a 
pronounced metallic lustre which ii^|^rtially imparted to the 
castings. Plumbago is seldom used '%^'itself, and is much more 
!||(pen8iTO than oomnion blacking. 

’ ' Terra Flake is a whitish powder derived principally from the 
mines in Germany uid Italy. It is chiefly used for light castings, 
or where it » dark. 

Stedina is simply a composition of “ terra flake ” and “ plum- 
bago,” the price of , which is correspondingly cheaper than 
plumbago. 

Black Lead or Graphite is sometimes used to make a black 
wash, hut this is principally done in the production of steel ca.'<t- 
ings and ingot ipoujds. 

Coke-dviSt is produced from ground foundry coke, and serve s 
as a cheap form of blacking, principally used iu England. 

. Many other forms of blacking might he referred to, bat 
genetaUy speaking, all ojE them are simply variations in the 
combination of the different materials mentioned. 

Coal- dud is manufactured from coal, ground in different grades 
to suit light and heavy castings in greeuisand ; for which purpose 
it is mixed with the monldii^ sand as already detailed, in order 
that it may al|entfti^ during tlm easting process, he burned out, 
and the space Ihius (previously..«||i)ied by the coal) left in the 
sand makes tho^tter snfficiwtiy^f^U^ for the free escape of t)ie 
gases, formed hf the action of the hot metal during the casting 
process. Good coal-dust should ther^CHre burn quickly, and ho 
free &om fire:<ilBy, too often |>i^ei|jent ; in this manner a compara- 
tively good clean skin is obtunAon a casting made in a grceii- 
sandmould. 

(lore Gum is derived fresin potato, starch, and 1ms a white or 
ydlbwish floojy Appearance* . |t.ia Wifely , making small 
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cores such as for steam cylinder^, &&, ip which it is added to and 
mixed with the sand, and cai^^; .ihe cote ftrodneed thereby to be 
much stiffer and stronger. C^ i jgpm has also a similar effect to 
that produced by coal-dust. . snob as' in moulds, for 

rain-water goods, grate metal,., <ni'. in order that 

the ordinary blacking may adhe^e^Blj,: , 

Compositions for 8ted Moi^M h^ies^jE^, owing “to the 
excessively hi^ temperature of molten ste^i, to resist which 
ordinary moulding sand is quite unsuitable. To produce a' facing 
sand suibciently infusible or . refractory, quarts is used mixed 
some of the more refractory clays, such as silicious ganister s|H 
fhe-cluy wash; these are dried, screened, and afterwards miz^ 
with a suitable addition of coal-dust or ground charcoaL The 
U'.uiil watering is. of course, necessary, in order that the mizture 
niay have the proper binding property. 

Both charcoal and coal-dust are rather dangerous materials to 
kec]> in store, especially the former, which ignites with> great 
facility in dry weather. It is, therefore, exceedingly advisable to 
keep these combustible materials in a brick or stone vault, away 
from any danger of an occidental spark, or the dropping of ash by 
a careless man smoking a pipe. 


Hat app Stsaw Bofbs. 

Whatever donbts there may be regarding some of the physical 
changes said to take place in cast iron, as it cools down from the 
liquid to the solid state, it is a £ict well knovfn. to founders and 
utliers, that owing to contraction, a casting is :fl|||^ smaller than 
the pattern off which the mouhl was made. .To^^^^oming smaller, 
it has already been shown, tdiat owing to vat^Ol^ In the rate oi 
cooling at different parts, the Strains set np iWe been miffiment to 
rupture and even split open the casti^ Hito^rtain points. This 
gives evidence of extraordinary interne ; ah idea of the 
)iiiignitade of which is obtained seotional area of fractnre 

])rodiiced. It is, therefore, one of> the chief oonsideiations in the 
construction of a mould, (bat at m^^i^'diall it hinder the free 
contraction of the casting toits norm^ 4fn,^yThe parte of a mould 
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requiring special atteution in this respect, are the various cores ; 
and it 18 the round cores and oth^ more or less cylindrical, with 
which we are at present more part^larly interested. 

Jn round or cylindrical cores made with loam, for dry sand and 
loam moulds, the collapsible already shown to be necessary 

is abtained by winding hay)|P|^w rope entirely oier the inolal 
surface of tho core bar (hay alia hemp being used for the siuidlest 
cores), and afterwards, coaling> it over with loam to the desired size. 
It will at once bo seen that by such means the finished core is to some 

€ ‘ it compressible. The collapsible property is, however, assisted 
er during the casting process by the hot liquid metal igniting 
jases, also the readily inflamed straw rope : the hitter being 



Fig. 9S« , 


often burned out entirely, leaving only the impression of its various 
coils along the inj^rior surface of the skin of the loam. Another 
yr partially consw^, the metal coire bar is more easily withdrawn, 
important feature in the use of straw rope is, that when completely 
‘ To further fiicilitate the removal of long cylindrical core bara^ tliey 
ire sometimes fitted with mechanism by means of which the shell 
forming the core bar is made to coUapto., 

Straw and hay ropes are usually spun by hand, and made in 
, lengtha of from 20 to 40 yards, and varying in thickness from g to 
1 meb mameter, according to the requirements. 

One expmenced man and boy are capable of turning out 2 10 
balls (of irinah diameter rope) in one day of 10 hours, each ball 
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Ixing made up of one rope, measuring 40 yards long: the Dian 
ietidiug the straw, while twiSting process by 

lueaiis of a breast brace, as Fig. 99. 

Fig. lOU shows the gehl^i^'ai^tmgement of a machine intro- 
cliicod for the same purpose, by.meaiip . of which balls are made 
autoriialically as the rope is spun^o^fhat the tisoal long floor 
Hi)ace required in spinning by hand is imnecessairy. Such machines, 
liowever, arc not in some cases considered of mhi^ advantage, either 
as regards cost, or rate of production, as after all they require an 
experienced feeder in constant attendance. 



Fig. 100. 

Recently, specially prepared w’ood has been introduced as a new 
nmterial intended to take the place of stra;w, m the production of 
ropes for foundry pnri^oses. The wood is. in the form of longp 
narrow shavings, about of an inch broad, and as thin almost as 
paper, and is known as wood-wool.” The ropes as they are being 
spun are made up into large cheese-shaped rolls or balls, and in 
})r!icticc, owing in a great measure to the regularity of form and 
thickness, they give good results ; so that all that remains to 
insure their success seems to be tho cost, and this objection looks 
like being overcome. , . / 
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■ '['% Boxes' ' 

la ]tfocesse8 of green-sand -lllpir^^saQd moulding, boxes or 
aro always employed;’ tbs iwtpq^ of which is to contaiu the 
< »nd in wliich the pattern' These boxes are, for con- 

vcmieuce, of varions sizes. be a great or constant deniaml 

for castings of one form^ bbxes are made expressly for them, 
corresponding in . Bysthis idith a saving of labour is efficfcd, 
as the ramming np.of useless, comers is avoided. For general 




purposes boxes are rectangular, and in two halves, as shown 
in Fig. 101. Thi^;boxes haye, neither top nor bottom, but each 
half box, or, more cbrrectly, each' box is composed of an outside 
^angular frame a h, which is generally 3, 4 or 5 inches det'p, 
!br the lighU'r flat moulding. They have transverse ribs joining 
the opposite sides at equal distances 4^ inches between them. 
The object of tbeir being open on tfee upper and under sides is to 
allow the application of tools for ramming the sand in the box ; 
the rile being at the same time suMment as holding snrfaces for 
the sand, which is formed into a close and adhemve mass by the 
ramming, and, in a manner, dovetailed into the Jibs. The rougher 
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♦ luToforc, these boxes can be made the better ; they bold the sand 
more (‘ffectmilly, and accordingly, in casting the boxes themselves, 
tlie patterns for them are in the sand on the ground, 

and after being rammed are^difeen out. . There is no blackening 
used for the surfaces of the moulding, tod thus the iron enters the 
pores of the sand and roughens. ' ' 

As there is no covering for the taould* it being exposed to tlio 
air, this mode of easting is called open sand casting ; the exposed 
siirfiice, however, is very irregular and rough, so that.this mode of 
ciisling is used only for moulding boxes, where the roughness is a, 
virtue, and for articles of a coarse nature. Wooden boxes or flad^ 
uro also in use, but not commonly in large works. In these nails 
iij’e made to project inside to increase the adhesion of the sand, and 
the same plan has been applied to iron boxes, but it is not a good 
one. 

In this two-part box it will be seen that the ribs of the upper 
ii.ilf arc not so deep as the outside frame. They are generally an 
inth If^ss deep to allow a depth of sand over the pattern that is 
imheddt d in the sand of the lower box. The frame of the lower 
Ijuir is called the drag, and is the same as that of the upper, . 
1 ut the ribs are much shorter and thicker, as it is not required to 
1 (•- moved about and inverted like the upper one; besides, it allows 
ii muc'h more available depth of space for the moulding of the 
].{iit(‘in. As Iho lilting and shifting of these boxes, when small, is 
u luilly managed by two men, they have two snugs or handles at 
(‘ii(‘h e id, seen in the figure, by which they are held. 

In some examples, the two halves or box parts are held tightly 
togeihor during the easting process by means of four hooks and 
( yes n, n, n, n, provided or fitted at the positions shown,. 

In order to insure that the two box parts shall com^tbgcther 
accural ely, and to the same relative positions previously occupied 
by them during the moulding process, they Bie provided with four 
snugs d, d, d, d cast on — one at each corner of each box part as 
shown. 

These snugs are each bored, so that when the two separate 
box parts are brought together their corresponding holes will be 
accurately opposite each other, li however, only the two snugs 
at th%opposite <»mers which are krs^ at one time; the otheis 
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being idle, and serve as a stand-by in the event of some of the 
others being broken off. Those holes at the opposite corners of the 
bottom box part or drag have long pins driven into them tight, so 
that their projecting points will enter the holes iu the corresponding 
snugs of the top i)art box when closing, the pins therefore act as 
guides. These pins in practice however, are not always an accurate^ 
tit, and therefore allow of variations which Tvonld lead to one-half 
of a casting projecting over the other at the partings of the mould. 
To avoid such objectionable results, moulders are in the liabit when 
closing, of taking up any slack or play on the guide-pins, by each 
man understanding to push his end of the top pai*t hard to the left, 
nutil he knows that the metal g£ the snug (at least on one side) 
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bc^ars hard on the pin. This latter precaution insures that tlui to]) 
jiart is always replaced accurately and with certainty to its i>ropci* 
position. 

'These pins are often chilled to make them more durable, and 
one made square while the others are round, which ensures accuracy 
of position. The hooks and eyes hold the boxes lightly together 
for the casting. 

Various modifications as regards the details of construction, and 
arrangements for finding the separate box parts hack to their proj)ei* 
-relative position have been adopted, with a view in some instiinccs 
."to greater accuracy, nnd in others to cheapen the cost of production, 
such as when numcrons boxes are required for duplicate castings. 
Ix) some of the laitcr examples, the box parts have suitable male 
and female projections cast on, these being afterwards filed and 
accurately fitted into each other, as shown in Fig. 102, so as to 
avoid the slighest variation which would affect the accuracy in 
closing. 
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For binding or holding together the ad joining box parts various 
inoiliods arc adopted, each of which will be more or less suitable 
at'cording to the special conditions. In an ordinary jobbing 
Ibundry, turning out all shapes and sizes of castings, the almost 
universal method of holding the box parts together is by heavy 
weights, and also as represented at A, Fig. 103, which shows an 
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ordinary cast-iron clamp or binder made long enough to embrace 
tlic two opposite snugs on the box parts, the final grip or 
tightening being produced by means of wedges driven in at a a 
shown. 

Another method, shown at B, represents the adoption of a 
hinged bolt and nut, A similar method is also shown at C, whero 
the nut is replaced by a slotted hole and a wedged-shaped cotter 
driven up with a hammer. The latter method is much speedier 
than the previous process of screwing on the nut. Such modifi- 
cations as shown at B and C are. ohlj adopted lor duplicate work, 
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when eTery little gain in speed, even in one operation, tells favour- 
ably after a whole day’s work. 

Fig. 104 represents another form of flask nsnoUy adopted for 
BTnp.n castings, such as in brass foundry' practice. The sides in 
these, it will be observed, are hollowed out to form a long V groove, 
which during the ramming process is filled up with sand. Thus 
the whole body of sand is, as 'it Were, dovetailed ^to the sides of 
tlie flasks, and is therefore not so ready to break up or fall olT, as 
when the sides are straight and square. It is more common, 
however, for such smsdl box parts to be made with square sides, 
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having a lip or narrow flange all round the inner edges for the same 
pmpose. 

Flasks must be demgned, so as to ensure absolute safety in 
withstand any pressure that may -he brought upon them, not only 
from the weight of metal pressing upon them, when they aro in 
> their proper vertical position in the pit, but also to withstand any 
Accidental shock or increased pressure, that might 'be brought to 
jbear upon them- in eonseiiuenee of a sudden blow or alteration in 
■ the strains, due to some temporary disturbance of their equilibrium. 

‘ They must also accumtdy fitted at all points of junction ; 
. with tiiis object the edges ^onld be accurately planed, and attention 
should aJso^ be specially directed to the econ<«ny trf loam that has 
to be built up for the cope, as the ujipcF box is often called, by 
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rt'diicing the distance, as far as possible, between the exterior of 
the ])attorn and the interior of the flask. The boxes or moulding 
flasks are found to accumulate to a “very trcttblesome extent in 
some foundries where miscellaneous engineering machines, tools, 
nr engines are the staple productions. These are not only heavy, 
cunihersome, and bulky, but often represent a largo amount of 
cMpital lying idle in the worth of mere metal alone. , 

The only reason for storing these boxes, instead of at once 
l)reiikirig them up and melting them in the cupola, is thj|j| they 
may be, and frequently are, required for use again. It is there- 
fore obvious that such of the boxes as are deemed worthy of pre- 
servation, are also worthy of being neatly stacked, and systematically 
registered, in such a manner as to be easy of access and removal 
whenever required. 

A numbered catalogue of the boxes in stock, with just sufficient 
description for identification as to size, weight, and purpose of each, 
slionld bo kept, and a laliel marked with the corresponding number 
feliould also bo affixed to the box when it is returned to the yard. 

The more precise the information that is booked about each 
a ! tide, the less waste of time, that is money ^ will be incurred when 
st arching for it at a future period. 

In stacking the boxes, room should be left for the workmen to 
pass down passages between them, so as to be able to see the labels, 
mid easily remove the box or boxes they are in search of. The 
} ard should be provided with light iron tramways, and trucks, 
running in the most convenient directions to deliver the boxes to 
tlio moulding shops, and in large works an overhead gantry should 
bo provided for the same purpose. According to the nature of the 
work in use in the establishment various matters of detail will 
suggest themselves to an intelligent foreman, and in any case it is 
(ertaiii that to allow an accumulation of boxes to form in the 
moulding shop or elsewhere, without order or method, involves a 
much larger eventual expenditure of labour and anxiety, than to 
have a frequent, almost daily, clearance, stacking, and recording of 
the boxes for the time being out (d use. 

Periodically it will be found advisable to examine the stock, and 
to nmove and break up such of thi^ boxee as it may be considered 
are not likely to be of any fmrto ‘ ^ 



FODNDINa AND OASTINO. 


ai8 

The -boxes should be cleaned before stacking, 'sod should be 
kept a little irom the ground, by being rested upon a few bricks or 
bkicks of Wood. 

> Fig. 105, A, B, 0, &o., represent some of the different kinds of 
^Is employed by dat moulders in the execution of their work. A is 
^e trowel, the instrument in moat frequent use by moulders. There 
are varions sizes of it used, from one-fourth to 2 inches broad in 
the blade, and S inches long generally. The purpose of the trowel 
is to aleau away and smooth down the surface of the sand, to pi-PK-; 
down and polish the blackening, repair injured parts of the mould- 
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ijig, aiul BO on, B is another form of trowel, of a heart shape. It 
is particularly employed for entering .acute angles in a moulding, 
: into which the square trowel evidently cannot go. 1) is another form 
of tool for managing hollow impressions in the sand. J is the form 
, of a sleeker and cloancu- combined. As the trowel is applicable only 
to open, plain 8urfao('s, this tool J is for cleaning and smoothing 
sonk surfaces in tho sand which the ordinary trowel cannot reacli, 
snoh as the impresHiou of a flange, or of any flat part of a pattern 
presOttted edgewise to the sandr The upp^ end is applied to the 
sides of such an impression for sleeking or smoothing it, and the 
under end to the bottm^ whore it is used Jbdth for taking up 
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loose sand lyi% there, and for pressing and smoothing down the 
surface. It is to be noticed, too, that the upper end is presented 
edgewise to the direction of the spade at the under end, so that 
when this is employed at the bottom of a deep recess, the upper end 
stands sideways to the side of the 
recess, and permits free motion. 

Fig. 106 shows the different 
kinds of rammers used: A is 
the rammer used to ram the 
sand wliich surrounds the mould 
ill the pit, as in loam mouldin|| 
in order that tho moulded struo-^ 
tnre placed in it may be suf- 
ficiently hound up to withstand 
tlu^ ])rcssure of metal .^uring 
thr. casting process. Tlffi ram- 
mer is round on the face, about 
l)}j inches diameter, with sides 
t:i]»cred, and fitted with a wooden 
shiiiik of convenient length, viz. 

1 ft. G in. 0 is the form of 
rammer used for flattening and 
levelling down the sand after 
the small rammer B has done 
Ihe work of ramming proper; 

Cl is usually called the dog 
ramm(‘r. 

C,E,F,Ci,H,I,in Fig, 105, 
rejuesent the forms of the cast-iron sleekers employed in the opera- 
tions of hollow moulding. F and G are the convex and concave 
sleet ers for corresponding surfaces. H and I are tools with 
double plane surfaces at certain angles with each other. Of these 
there is a variety, having their planeS' jat different angles, to suit 
tlio various salient and retreating ang^ that occur in mouldings. 
C is a sleeker for the impressions of beads, and E serves to smooth 
flat surfaces generally. All these, have small studs attached to 
them which serve for handles. . ; ; 

Besides these tools there are^ setpral others, such as the shovel, 
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which lire hsei ht working the sand^ sieyea and rid^lfes for refining 
it, and bellows for blowing off loose sand from .mouldings ; pots foi* 
holding the parting sand and the water used, in moulding, swahs 
for applying this water to the mouldings, the latter being siryi])lY 
tiifte of tow brought to a point ; ^separate linen bags of peaaeuKal 
; aiad blackenings through the textore of which these materials an* 
shaken on the sand. , There are also piercers or prickers, as they 
are termed, made from pieces of. thick iron wire sharpened at one 
end to a point, for piercing the sand to let off air. 

. C(Xtitiii<]ibK Asro 'its Effects, 

Many madiinistS aad founds have noticed that if a piece be 
broken from the’ rim df a pnlley, it cannot be returned without 
forcing the gaj) open, shorring that the had been put nuder a 
strain, which oansed it to close together So soon as the piece was 
removed. ; , 

.I'he strain t^Pexemplified may bo explained in the following 
manner : — So sdwte the pulley is cast, the rim, which is) thinnest, 
is cooled down by the walls of the mould, and therefore sets imm(‘- 
diatcly. The arum, containing more metal in muss, cool next and 
set ; the hub, containing the thickest metal, therefore cools last and 
sets, but in doing so, like all the rest of the metal, it has a toudeucy 
to contract from its moulded size. It is now easy to seo how tin; 
shrinkage of the liuh causes a tendency for it to 'separate itself 
from the arms, or the arms from the rim, hence the strains upon 
the rim are of such a natnr&tbat they tend to make the rim form 
^ a circle of less diameter than ut the beginning ; so that when a 
piece is broken out of the rim the resistance at that part is re- 
moved, allowing the’ rim to be drawn together to form a cireh; 

I of less diameter as suggested, causing the space left by the piece 
taken gut of the rim to be conesptdidingly r^noed. 

. ' ! I’be extent of such strri^ ns are set up in castings, ev^n from 
:tiie same pattern, will vary.dooording to the difiGarent, qualities of 
iron used, and also with the amount of care .takw by the moulder 
after meted is run into the roonRy; by adopting some hue or 
otlter ^ various methods to;r^!abe the rate at which the 
castin^oolU down,, such as by the sand and certoim 
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corca, say, at the hub or other b’^vy parts as quickly as possible, 
HO that by direct contact with the surrounding cooling air such 
])art3 may be cooled down quickly and as nearly as possible in the 
samo time as the other lighter poHions of' the same casting still 
retained in the sand. In extrepe^ ca^ water is applied at the 
centre eye of the hub until the at: these heavy parts become 

black; while, on the other hand, to j^b&ng the period of cooling 
of the thinner parts, such as the rim of belt pulleys, &c., hot metal 
is poured into a gutter surrounding it, by reason of which the rim 
takes longer to cool down. The intelligent application of; such 
luetliods will often result ia seeming sound castings, which, 
wise would have gone tb pieces. . , ' 

Nevertheless, owing o'ten to unsuitable hard metal being used, 
it- is no uncommon thing for, castings of pulleys, and other light- 
rininied wheels, A c., to give way and cra(?k at different well known 
critical points. Such defects are very common in castings of bell 
])nlL‘ySjj, occurring usually at the junction of the arm and rim, as 
indicate Jin Fig. 107 at the different points AAA. These faults 
niMy not, however, be observed until after the pulley or wheel has 
machine], fitted, and even set to work, when of course they 
fail through weakness. 

In order to avoid as far as possible the evil effects of contraction 
sh(»wu, it has become usual to make the arms jf belt ;)ulleys, spur 
wlicels, fly-whoels, Atc., curved as indic/ited in Fig 108, so that 
ti 10 strains along the arms resulting fr>m contraction may meet 
NMih as little rosifetance as possible. This, to a certain extent, it 
will be seen, is obtaineJ by these carved arms, which instead of 
oifering resistance (as in the case of straight arms), open np and 
straighten to a certain extent with comparatively little resistance, 
until the casting ceases to contract; by this, means the strain 
transmitted to the rim is very much reduced, so that pulleys with 
carved arms seldom fail in the manner shownat A A, Fig. 107. 

Anotlior method adopted to relieve such' from exces- 
sive internal stress is that ahovra in This plan is some- 

t linos adopted for locomotive driving wheels, fly-wheels, and other 
similar large wheel dastiug^ and cohrisis of splitting up the boss 
so that each arm carries its own pprtidn of the boss, and is there- 
fore free to shrink and shorten Without the upual resistance and 
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conflcqw^^lnfenuil stxesa« whi^h -at any moment might be the 
cause of aa^c^ii breakdown, even when uo indicAijons of weakness 
opuld have been previously detected. ' 


Va m 


FiCk 107. 
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: .. Whw the hnh or boss is up ^ described it is 

{ffieeamryefterwaidsthst the nepa^ii^Kf^ W. together in 
smb a ^ wUl .j^ve . and 

eUffoeflB.-,' obtemqd;..by of the 
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bi)s» a heavy malleable iioa ring 

surliicps being previously pwjwrsa-and p^^iili^.vyherfi nb^ 

Fig. 110 is a striMng SEiOiiple .Itii the .ca^ng ^,^*, 

sjuir wheel. The stresses, resulipgL .from sh^ks^ or contraction^ 
ill this example, resulted in. the ciisliil^ «it,the thref^^ 

diderout points marked X «n4 

extended so as to cdmple^f spUt ttie c»^g into 'iwi pecii' ^ \ 

order to secure a solid ^iing throughout, fhis.t^e^'w^' 
cast, with the usual arms, 1^. cutting out portions of tlm 
OU8 web or plate shown, but cenrsealaoxesnlfad' 
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by breaking at the junction of the arms and l^^similiit to that 
indicated in Fig. 107 ; and it Was only-aftar c njyd oi tjM y ^uoing 
the sizes and therefore the quantity of metid at 

centre from that shown in foil to that indii^Eii^.:^ dot^'iines, 
tliat a perfect castmg was or could ^ obtun^^ ’ 

Figs. Ill and 112 illustrate a .speijsi^ 
cored out at the centre of large lomj|^tK, especially those of 
circular form, such as are for cylfodeis^;v; 

pistons, cylindCT covers and «iiMi«,fem or shi^)& J. 

This method (u: arrangemtpit;^^i%ll%tif . Ml (i( thoroughly 
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pmctioftl foujMli^ DMnager), and forms the subject of a patent. The 
, fdea hetti, ah hi the ext^mpJe of the flj^wbeel where the boss at 
hentte is split np between each arm as shown in Fig. 109, is to 
i^hliow that portion of the metal at the central parts to coutiact 
*1^ expand freely without the usual excessive internal strains 
set up, which so often cause heavy moulding plates to 
uenick or split into pieces, and that too often tvhen tlie moulil is 
practically finished and ready for casting, nei'essitatiiig, it may Imi, 
some temporary binding arrangements to complete the casting, or 
in some moresericns cases, the entire rebuilding of mould, including 



the making of a new plate. These fiiults, it will he seen by refer* 
enoe to Figs. Ill and 112> are obviated to a considerable i'\t«ut 
by forming a central hole fi, into which run font or more iadi<il 
slots B, S, tlie latter terminating in oval-shaped holes 0, in oi d< r 
1 avmd diarp angles, where cracks vrould be mure readrly started. 

t^ manner it will he seen that the loam plate cools down as if 
it w^ a idain ring, whose inner circle corresponds to the dotted 
^^yrei^vhown around the various oval-shape holes, with the result 
'^s life or usefulness of sneh plates is considerably lengthened, 
and’lbeie is « corresponding roduotion in the number of new loam 
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plates ; the labour in making tbe latiier d|en representing a ^n- 
sidcrable proportion of the moulder’s tipe. . Mr. Mayer has nlio' 
patented the new form of moulding ,b6x iepife^ted in Fig. 113^ ' 
for which it is claimed that a more flexi^. I«^''pftrt is obtained . 
than that of the ordinary box parts bw extend riglft ^ 

aeross from side to side, in which '&e,exj[iai)if^^j|||id oohtnKctiou 
effects are somewhat similar tothpse which ‘danas'^j^irwiting of tits, 
arms and rims of belt pulleys already refeired to. Sttdh breakapds 
and cracking of box parts generally is often a serious loss and fi,; 
constimt cause of expense in ordinary foundry practice, owing tbf 
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the cost of patching with malleable iron straps, or the procera of 
burning, in which case the crack is simply surirounded with a heavy 
]iiece of metal which oemmits-the parts together , when . solid. In 
many cases, however, new box parts <ieq;hire.t^:be made. In the 
new form of bars, arranged in squares, the adjacent sides of which 
are connected together by means of 'short straight ftiim, the e^ect 
of heating and cooling will cause the stress oontractkm or ex- 
pansion to he uniformly distributed, because the expansion and 
contraction are allowed tq take {decs wiiihbht meeiang' with the 
same resistance by reason of the e^ring-like action of each side oi 
the numerous square fiffmaticins^ the result that breakages in 
box parts are reduced .conresp^^^^lyi .': ^ , 
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o( 4 he fonnt89 in castings however, dne to cracking icsnlt- 
iog ttOBX (xntiadion, oonld have been avoided by using a ingh* i 
glwedflbetaU Bnt in fonndiies where large quantities of lo» 
\ wx fal are being east thronghont the day, it is not cas> to 
tliv proper mixtores for a small qnantity, and in such c<iscs 



it xeqnires greater bliU in proportioning the motal in order to ob- 
tuin eatia&ctory enstinga of the spetnal forms referred to. 

If a piece be biokou horn a ring, no perceptible ehange of foim 
will talte place ; the piece can therefore be returned quite readily, 
andurill be found to fit *, this, however, does not pvoro that theu is 
no sMin pialwnt ; oi^ the contrary, we will show there is. 

WhfB, ring ift first cast, the walls of the mould cool oil tho 
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ninei* and outer clrcumfei^ne^^ immediately causing them to set^ 
the central core of metal remaining yet hot ; in a few momenta 
more it sets, and in shrinking exerte two , influences, one to reduce 
its own diameter and that of the;o11ter ,i9^ it is attached,^ 

and which bis already set> and the around in the 

direction of the circumference, wherehy^ii^jpi'i^^ the outer 

crust, there is a tendency to close with reference to 

the inner crnst there is a te^ent^ %)en hu if the 

ring 1)0 put in a lathe, andjttie outer crust remove^ the gap will be 
not iced to close in, increamng in this tendency a^ we near the centre 
of the ring with the tool; ' As we progress toward tlm inngF'Crust 
from the centre an opposite effect will be produced, and thA^p 
will be noticed to open. In a ring of 27 inches diameter, turhed. 
till the outer crust was just removed, when the piece was removed 
the ring closed together ^ of an inch in 4 inches — two prick- 
])uiich marks having been made on its edge 4 inches apark spanning 
tlie place where the piece was to be removed, and before any cutting 
was done. 

(Cylinders are no more tlian deep rings, and the strains explained 
under rings are also present here. 

Ordnance and cylinders shrunk on the -Rodman plaii will have 
a tendency to spring open if apiece be broken out, for the following 
r(*asons : — By the use of the water core, the interior of the cylinder ' 
is ( ool d first and set ; as the maferial surrounding this central core, 
shiinks it has a tendency to crawl around, as explained under , tho 
lii^ad of rings, exerting a strain upon the outeide — by outside we 
mean the portion surrounded by the molten metal — of the skin 
about the core barrel, which strain has a tendency to pull the skin 
back, or to rupture it ; this force is increaf^ed as we approach the 
centre of the sectuin, then retarc|||< and counteracted by the 
8hrinkag(3*of the exterior surface, by ihe refrigerating action 


of the walls of the mould. This refrigerating action is small wdicn 
compared with that of the core barrel, hence the tendency to spring 
o[>en will he somewhat greater than; the tendency to spring shut. 
I'herefore, a broken section will alii|ayff^ spring open, the tendency 
being regulated by the flyeater^ l || | ^,a:amditv with which the outer 
surface is cooled off. ' ^ 


l lieso strains npoh xing 
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free to act after the piece was broken out, form an ioTerted triangle 
in the face of the broken section, the apex being in the' centre ot 
fh^ case supjposed tinder the remaiks on rings ; while in the case of 
the Bodman plan, the apex would be nearer the outer edge, and in 
a perfect case the apex should lie just writhin the outer crust. It 
is, therefore, best to cast hydnmlic rams, cannon, and all other 
cylinders intended to withs^d great internal force, on the Rod man 
principle. 

Cylinders, with heads cast in, whose thickness is greater tlian 
that of the body of the cylinder, will be found to caliper less at tlio 
ends than at the middle, owing to the heads, acting as the anus 
in the pulley, exerting a strain inward, drawing the ends of the 
cylinder down with them. ' • 

If the beads be cast thinner t^n the body of the cylinder, tlio 
cylinder will be found hollow in the middle, owing to tlie bonds 
setting first, which act ns props or pillars, and hold out the ends 
of the cylinder, while the body being free to contract, will shrink its 
full allowance. 

In the case of a shaft, or other solid cylinder, it will be noticed 
that the surface of the casting at the ends will be slightly de- 
pressed. This is occasioned by the surface of the cylinder being 
cooled by the walls of the mould first, and setting, while the central 
]>ortion yet remains fluid or soft. In a few moments more the 
centra] portion cools, and in shrinking draws in the ends of tljc* 
cylinder, the outer crust acting as a prop or stay to the jitoms of 
mehtl adjacent to it If this theory be correct, the dejm^ssion 
should take the form of an inverted cone, owdng to the gradiuil 
chocking of the shriukage as it approaches the outer crust. In 
practice this will be found t^ case, the obtuscncss of the angle 
being greater or less accor^|||g to the nature of the iron to shrink. 

llie shrinkage strains wBin hollow, spherical shell castings are 
similar to those oxjdained under the head of rings, they being no 
in feet than rings continued al>out a central axis. In tlio 
ease of solid globulin* castings, the heart or central point within will, 
usually, be found hollow or porous, owing to the following ciiuscs : — 
The walls of the mould cooling off the outer surface, causes it to 
set iwj^T^tely ; the intorio*||^ih^^[^^ the exterior inward, en- 
dcavo® to iihilttlk away from dfit^r crust, which resists its so 
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doing ; hence, the interior is kept to a greater diameter than is 
natural, and there being but so much ind;al in the entire mass, the 
atoms are drawn away from the central point toward all directions 
to supply the demand made by the metd iti shrinking. 

In the csLse of flat round discs oi*. plates they will usually be 
found hollow on the top side, although in some cases the hollow is 
<ui the bottom side. This is owing' to the following causes. The 
top and bottom faces, together with the outside edge, become set 
first through contact with the mould, leaving the centre yet soft. 
When the centre shrinks a severe stain is put on the plate by an'.' 
eftbrt to reduce its diameter, which ilie outer edge resists. 
the cope be thin, the heat will radiate rapidly in that direction^ 
<'.ausing the outer or top side to set first ; the under side, setting 
later, wall drag the top side over with it, causing it to round up on 
top and dish in the bottom. Or if the pattern be not perfectly true 
in every directii n, the strains first si^oken of will cause any curved 
]'ortion to become more exHggerated. If the pattern be perfectly 
true, cope and drag of the same thickness, and both rammed evenly, 
lliore is no reiison why the plate should not come out perfectly true, 
tlic strains being all self-contained the same plane and balanced. 

If the plate, however, have An ogee moulding projecting downward 
around the edge it will litely be depressed on the top surface when 
cast. This is due to all the surfaces being set alilce and at the 
same instant, excepting the metal witliin the corners, which, con- 
taining the most metal in a mass, wull shriijk last of all. When this 
does shrink its tendency is to pull over the top side of the moulding 
toward the plate, which being soft,, although set, will be forced 
downward at the edges, giving a chance for the strains within the , 
plate, as above described, to aid in the distortion. 

The strains are similar in both round and square bars, and are 
already treated of under solid cylinders. There is another feature 
not before spoken of, which is rather curious. If two bars of the 
same dimensions and mixture of iron be heated to the same tempera- 
ture, the one allowed to cool in the mould, "^the other plunged while 
hot into water, the latter will be found to have shrunk the most. 
This is due to the particles about surface having been emihl, d, 
by the softness of the int^^rior get closer to each other than 

they could have done if the n^tenal had cfpoled slowly. 
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EectWigttlar^ aw nsnaliy cast a core, wLich lias a 
tendency to retoiu the shape of the casting ; still the flat sides will 
show a tendency to bulge up slightly a]t the ihiddle. This is duo 
to much ef the same causes , as explained in tlie plate with the 
ogee mouldings: the outer surface b cooled instantly by the vvalLs 
of the mould, and is set ; the in^el^|plxfaee is not cooled quite so 
rapidly, owing to the core being of harder material, and not so good 
a conductor of heat ; when thm does* cool it will pull inward tlui 
outer skin of the casting, forming^ a slight curve ; each side acting 
'ibt itself will produce the same ^^ects^ 

|9||)iter or U-shaped castings are made thinner nt the edges than 
at the middle, because ike pattern has been made with draught. 
When castings of tills, shape are taken from the mould, they will ho 
i'ound rounded over in the direction of their length, the logs being 
on the curved side. This is explained by the mould cooling and 
sotting the legs first; thou when the back or round shrinks it 
pulls upwards the two ends of the casting. 

In parallel castings of any length, having a cross-section 
similar to a wedge, or similar to a ** knife ” in paper-mill work, the 
thick side will invariably bjfefound concave and the tliin (‘dgo 
curved. This is due to the^^ame cause as explained above. The 
thin edge is set as soon as cast, the thick edge, cooling later, 
shrinks and draws tlie ends of the casting upward, and with them 
the thin edge^ which acts as a pillar to resist further shrinkage. 

All ribs have a tendency to cufye a plate if they be thicker or of 
tho same thickness the* ^ate, owing to the fact that whatever 
shrinkage strain they possess, is below tho general plane of the 
shrinkage of the plate itself/ Jf the ribs be thinner than the plate 
they will cool first, and by res^ng tbe shrinkage of tho bottom of 
the plate cause it to curve, upwards, or “ dish ” on top. 

In conclusion, Watkins' the general laws regarding 
. shrinkages. Tlie most metal in a mass always shrinks last, hence, 
/if a casting be composed of ij^gnlar thickness it will be liable to 
broken by tbe forces con^ried within itolf. It is, therefore, 
especially necessary that colunflma fmd .bastings, supporting or resist- 
ing gresat pressures, should be deigned as to pre\ ent this great 
en'otj/pfouid (Hjlumitf designed with 

weak whero 
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they should be the strongest As a rule, moldings should seldom 
be cast on a column, but rather bolted on.^ Hu^b of the irregularity 
of flat castings and those of irregular diapes could be remedied by 
a proper attention to cooling the castings whild in the mould. To , 
be sure this is done to a certain extent, though few moulders know* 
why they do sa They know thatby-rembvmg the sand from a 
pfirticular casting it will straighten in the shrinking,^ This is but 
the result of experience^ not of thought or any attempt to know 
wliy tliey so act. It is useful to know also that all shrinkage, 
lakes place while the casting is changing from a red to a black 
heat. (See Tig. 4, and pages 26 to 61.) ; ; 

Sand and Loam Cores, 

Cores are especially useful for forming vacancies in castings., 
Tlu'ir forms may be long, and proportionally smulf in diameter, or 
winding or otherwise intricate ; and, seeing tliat they are necessarily 
siirronnde l by the iron when cast, they ought to have as much as 
may be the qmilities of firmness of substance and openness of pores, 
(.'ores, as has already been stated, are commonly composed of rock 
sand and sea sand. The former, having a proportion of clay in its 
composition to which it owes its powerful cohesiveness, when dried 
serve s very well as a material for short cores that rest in the green 
sjiud at both ends, as open communication with it is thus afforded 
for the free escape of the air in the interstices of the cores. But 
when rock sand is used for cores of considerable height, which of 
course arc surrounded on all sides by the iron, except the small 
imbedded portions at the extremities by which alone the air can 
escape, it requires to he moderated by the admixture of free sand 
as a couiiteractant to the clay. The clay communicates the neces- 
sary cohesiveness to the material, of the core ; the sand, on the con- 
trary, being loose and open, renders it less binding and more porous. 
Free-sand alone is also employed in the making of confined cores, 
that they may afterwards be easily extracted, as the sand has 
naturally no power of cohesion. Wanting cohesiveness, it must be 
tempered to a proper consistency by the addition of clay and water, 
yoast, or the refuse of the pea^mie^ Jispd for light flat moulding 
purposes.. In the use ci tiie^.]|^ ;inaterial, it must be accurately 
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proporti^^ to with which it is mixed The clay- wafer 

iff, in ordinary cas^, made use of as a cement, and the yeast only in 
Tery particular circumstances. For large compact masses of coi^", 
' the common green sand may be used, as illustrated in both the 
1$^ examples. 

As these sand cores become larger and longer, it is necessary to 
have them strengthened by means of iron wires, either straight, or 
suitably bent, so that they may follow the shape and be bedded into 
any particular form of core throughout its length, provision being 
always ' made in the casting produced, in order to facilitate tho 
removal of the sand and irons forming the core, with still larger 
coies in which the body of sand becomes excessive, and therefore 
ready to break off. A suitable core iron is that shown in Fig. 
4.14 ; this form is readily produced in cast iron from an open sand 
mould, and is specially suitable for green sand cores, siicli as, lor 



example, that adopted in example illustrated by Fig. 120, for which 
moulding process a shell pattern is used. 

In similar examples, but whore an arm or branching core is 
required, the strengthening of the latter is provided for by fixing 
a square bar of malleable iron of suitable length, as shown witli 
wedges W ; the hanging portion of the sand being additionally 
supported by means of a number of malleable iron hoops or rini'S 
bent and supported as shown. An important feature in this ar- 
rangement is, that the branch core iron is readily removed from 
the casting produced by slacking the wedge fixings, thus enabling 
two pa^ to be again fixed up together and used over and 
over again, instead of otlierwise breaking the core irons for removal 
of same, and making a new core iron for each mould, which in 
soma examples n ay be unavoidable. These core irons are generally 
very hci^^» as shown ; this in the first place is desirable in order 
to obtain ihe necessary strength and stiSi^ess without the use of 
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core nails, studs, chaplets, &c. The wide e^aces required 

for each thickness of metal are also more pifoduced, these 

being simply cut out of the previously priq^srod level sand bed 
with the ordinary trowel, and shaped out finally wifeli the hands. 

Fig. 115 shows another but similar form of .cast-iron core iron 
used for strengthening green sand or dry sand cores ; it is better 
iida])t 0 d for broad cores, and is comparatively lighter than the pre- 
vit)usly mentioned form by being more uniform, and less in thick- 
ness of metal, the neceasary strength being obtained by means of 
the double longitudinal bar arrangement. To produce this bar a 
wooden pattern is required ; this latter, however, may even be an 
advantage by reflucing the cost of moulding when a number of 
similar core irons are required, as for duplicate work. The holes H, 
shown at both ends in each example, are of use in setting the iron 



Fio. 116. 


in position by means of an iron bar ; or again, the dressers find 
these useful in starting the irons for its removal from the casting. 

Fig lib illustrates a specially bent form of cast-iron core iron, 
used, as in this example, for making a double return or U bend in 
green sand or dry sand mould, when a shell pattern or similar method 
is adopted. A special feature in this is, that both ends of the core 
iron are bent back as shown, so that the top box part, when laid 
down will rest upon it, at the four points A, A, A, A, the latter pre- 
vious to the casting process l)eing sufficiently weighted so as to resist 
any lifting effort of the cora lii this manner, with the core iron 
sufficiently stiff and strong, it will be seen tliat studs or core nails 
become quite unnecessary. This is most double when the cast- 
ings are used for high pressura^ of Bfir, Steam, aod hydraulic pur- 
poses. ^I'o facilitate the removal of suob bent core irons from tljo 
castin * number of V-shaped impreraons, o, e, c, c, are arranged 
throughout its length"* a^uitabler;:4istailces ap^^ so that it may 
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Fig, 117 shows a form of core iron adopted especinlly for tlie 
larger sized rectangular cores^ and those having deep flat sides. To 
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ureive the three EPiang eyee LE means of -which the 

coie when completed may be s^afy'eQd conveniently htmdlwl. 
'J ho varions core irons teqiiited ere«prddnoed on a specially pre- 
paied sand bed, as sho^ la fig. and described in pagos 037 
:il](l 3o8. 
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. Fig. 118 form of core irons or building rin^^q 

U8^ jiu core of loam and brick, the first 
of iron A having^ four lifting rods L B cast on in tho 

|i6)nti^ln$iptvn In proceeding with the building, owing to tlio 
^ 0ori4d&l>ic height of the core, it was necessary to build in irons, 
asi^wnat B,B, at regular intervals, each iron being supported 
directly on to the one iihmediately below by means of cast-iron 
distance pieces, thus presenting the collapse of the whole core by 
its own weight 


ICAKING AND LkVGLUNG-UP SAND BED FOE MOULDING 
OGEE lEONS. 


In proceeding to mould the various core irons, building rings, 
gratings, &e., required, a specially prepared bed of sand is made in 
the following manner, and as illustrated in Fig. 119, in any con- 
venient spot of the foundry floor. 

In order to produce such open sand castings of uniform thiolc- 
ncsB without a top part, the surface of tho siud bed must be lev(d 
throughout, l.e. a true horizontal j)lane. Tliis is usually obtained by 
leV(dling two straight edges, S B and ES parallel to each otluT, 
and at opposite sides of the proposed sand bed. To make certain 
that the top edges of these two straight edges are both iu^the sanic 
horizontal plane, a third straiglit edge E® is applied so as to have 
its ends resting on two diagonaljy opposite ends of the two lower 
straight edges. If the top straight edge is found level in 
these two extreme positions, then the bed of sand produced as 
follows is truly horizontal. The space between the two Iowct 
straight edge^! is now filled up with sand so that when loose it pro- 
ejects alxJut one inch above the top edges of “8 E and to allow 
for the subse(iuent ramming process with the third straight edue 


^ S E*, the bottom edge of which is madq to press down the pro- 
luting sand until it bears pji the top edges of S B and S Tliis 
is repeated again and again (one end only being raised 
' 6a<;^ operation) until the tM30ie,;surfope has b^n pressed down 

to form Si truly horizontal plane^ is no#, to receive the 
various impressious or moulded fomn of iroiii^ &o*, required 
BelbiO l^ieeding fo draw the sui^^ dusted 
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drawing g«aata]ly Ootu^ls in the first place, of making an ex»rt 
outline of eote, or otlier portion of the mould for which tlu' 
grating or eote iron ie the Tarions bars m which are now 

readily i^med by stmupiog^tna short wedge pattern G P, having 
a aaitiiUe handle as shown enlarged in Fig. 119. These moulded 
grooves must never extend beyond the ontline of core referred to, 
imt most always be within, in otdhr to leave snfficient space for 
the sand or loam forming the outer surface of the finibhcd core. 
l\hen duplicate iron gratings,, are required, it becomes .in 
advantage to make a pattern, so that the complete mould is pro- 
duced m one operation by st-imping. In this level solid led is also 
shown the method of producing flat bnildmg rings by means ot 
bent hoop iron, i^rainst which the walls of sand are foimed. 
W 0 shows a wooden peg driven in fiush to form a lelialle lontn 
for the compasses 0. The hfting rods L R are diiven into tie 
snnd where required, and as shown, so that when the luotil tills 
the grooves, it will also adhere to, and fi\ the lods in position 

» . Cobb Vjbntilaiion on Vi.ntino. 

One nf the most important points for consideration in moulding 
id the iMtoper ventilation of the mould and also the vanoos ooi< s 
embedded in same. The simph'st method adopted to iaoilitah the 
free pa^ge of the gases gern rated dnr'ng the casting process is 
that of pricking or piercing the sand by means of a long pointed 
iron wire of from -ilifth to i inch diameter and of suitable length to 
reach the deepest portions of the monld. Ry this means the body 
of sand is honeyoombed with continuous passages through whu h 
gases may escape freely. For ventibtion in small, straiglit sand 
cores, it is usual to^fonn one straight channel throughout its length, 
by first embedding an iron wire at the centre or lying on top ol 
oore iron, the wire being afterwards withdrawn before the finished 
cote is removed irom the con box, To produce a similar channi 1 
at vent in a bent or angled is usual to use cord or btiing 

folded into one, two, or three strsttdA^aooording tb'tbe use of core 
vent required, whieh cord, by its Bexii^lg^, is easily with- 

dranrn destroying ‘widsib# nortespondingl} 

sinnotis dbnatd m mt hole 
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It will be seen, liowevi^, thi^t (^|^v extie^ crooked 
examples, the withdrawal even ©£ cord . wil} 

have a tendency to destroy the cor^^; pre- 

pared wax cord has been recently 

ing from up to i inch diametei?^|^ |«jii' d^^ of cores. 

The wax of which this cord is ms^ b^g <k>rapi^^ weak of 
itself, is strengthened to wiihstand the hiBces^rJ^l^^ngy by A^s 
of a thin core of thread throughout its whole leug^tjh^'timilar to that 
of the wick in a candte. The application of this cord is iher^siwe as 
when ordinary coijdj|jtt used, and it is usually placed at or the 
centre lying on thfll^p of the core iron ; the cord beings, made ot 
wax haviiig a comparatively low melting point, it melts dunug ^e 
drying process and disappears, by sinking or soaking into the ad- 
jacent sand of the core, leaving its impression, which now forms a 
continuous channel to act as a means of escape for the gases gene- 
rated during the casting process. 

As the shape and size of cores become larger,. different methods 
are adopted in order to ensure that the gases generated, during the 
casting process may escape without hindrance, the proper applica- 
tion of which requires considerable skill and experience. ' In such 
cases, where the body of sand forming the* core is of considerable 
thickness, it is desirable to have the interior made np of some other 
more porous material, such as engine ashes. Thus the core is 
made np of a thick shell of, sand, Surrounding a porous centre of 
ashes, through which the 4gas6s can escape or pa^ freely, these 
gases being conducted finally throug];i one or more communicating 
channels to the atmosphere, where ll^y are usually ignited, and 
burn with a long bluish flame until the gas ceases to be generated. 


Those communicatin j: channels are usually formed by , suitable 
IcDgtlis of malleable iron or cast-iron^ pipi&g^ l^dM into ashes 
forming the centre of core one ead,;^ sbown ^iti Fig. 148 , the 
other end opening oujt into the prevent dirt fall- 

, ing into these pasft;^;jfhe|^ter up with 

hay or other s^ahl^m^j^ai.; also prevents the 

accidental from explosive, gas mixture 


accidental from mixture 

which may have or hollow ;portions of 

ii mould or pore, "^troyed. 

In eeppomical to^^e^dopi 
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a shell patterA^tiiiat.ifly a pattern which is an exact duplicate of 
the p^ting. ^ both inside an^l outside, except that it 

held together bj^ means of suitable dowel pins, as 
is tishSl y^lh the ordinary wood patterns. TJie core in the Litter 
l iBXStnple becomes a part of the process of moulding, as now it is 
lormid from the interior of shell, instead of by means of a separate 
i' cote box. The precautions for venting, &c., are, however, the 
same in either case. 

The simplest example of moiflding from a shell pattern, as also 
‘ by the usual solid pattern, is a plain, straight,: hollow cylinder or 
pipe, such as that illustrated in Fig. 120. core in this ex- 
ample, which may be either in green sand, or afterwards dried, is 
made from the interior of shell, after the lower half of shell pattfTii 
is bedded And moulded in the foundry floor below the line F L. 
Before placing the heavy core iron C 1 in position shown, the inside 
of lower half of diell is covered to about one inch in depth with 
hieing sand. The core iron being now set in position the remaining 
spaces are filled up, and as much also of the top half of the core as 
convenient IS made up, taking care to lay a suitable round pattern 
or piece 'df tube on top of core iron, which when withdrawn will 
leave a sufficient channel V, shown, for the escape of gas generated. 
The top half of shell is now placed in position, and the clearance 
between it and the roughly shaped top half of sand core rolerred to 
is now filled up and cautiously rammed from the ends by means of 
suitable ramming rods, taking care not to push or lift the top part 
of pattern shell : this being completed it is now time to place the 
box part B P, sbown^ for thl|^mpletion of the mould proper, in 
order that the core may be^rought back to fit exactly into its 
original moulded position, a poi^tion of it B B at each end is formed 
or moulded into suitable recesses B B previously made in the floor 
sand for that purpose, and ia this manner it will be even more 
• accurately set than when Iho and the Core prints are con- 
structed independently, as When a solid pattern is used. 

% With a core (X)nstructed as ^^h, ,any ten^ to rise or ' 
bend up at the centre during tbs 'costing proceol^tpt^vented by 
the cast-iron core bat adopted/ without the use of studs or 

the lower or apt to 
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[>rciik away or otherwise &U o£^and cause considerable delayby 
the making up and dnishing of samK . 

In the larger sizes of cor^, &c^ in which the depth of sand 
is six inches or more, a milch stronger core is obtained by in- 
serting or embedding numerous stia{» .of. chopped wood along the 
sides of the core irons, in the maan^ shown |b Fig. 120, . 
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In applying these strips it is usual pi^ionBly dip their 
lower ends in strong clay- water. \ ' ■ 

Any portion of a green or di^-sap^ mould or core of eonsider- 
iible depth, and occurring at different points, is usually supported 
by means of cast^ir wrought'iroili hahga^S;- which are either used 
aioiie or in combination with pla^ bedded at or near ^ lowest 
])iirt3 in question. Thei^ bang^ 'are . hung or suspended eiUicr 
on the core irqns to the ch«^;.^ming; the tt):qier box piait. 
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aoeotdiag to H is core at toe auHiId in toe top part 

that fiiidiiioiwi $i|ppcirt referr^ to. 

r . .^1^. W TentUating tor the escape of toe gases 

'tonj^'jiLutih^ toe costing is also dearly .toown on Fig. 120, 

' In whicli is picrce^ .ftWg .each dde, as shown at 

1 means of a b^t:''|f^W.to fmmi the specially bent 

! oS c^nnel shown m toh,mj^:Beetioh. 

' l!he hpper box part mod^ ^ ' hUioi petcd as shown at c c c, in 
<^6r to tocilitate the escape of gas through it upwards. 

The core tor the same reason is also pierced from the outside, 
as shown by the rdiating black lines B, which terminate in the 
central ventilating channd Y. The outer ends of these perfora- 
tions are subsequently dosed as indicated diming the finishing of 
the core. . •* 

llie gases, as they escape from the lower parts by way of the 
bent p^orations o, a, are conducted to a longitudinal channel 
formed in the pu^ng, and again from the latter by way of the 
several channels, amnged as shown, to the outside of moulding 
. box, where they escape, and generally become ignited, and burn 
with a pale-blue flame. 

In order to ensure that the liquid metal during the casting 
process dp^ not find its way bdtw^n toe partings on the line F L, 
and so run into and dioke toe various channels and perforations 
referred a line of slightly raised sand is cnt and formed 
between the gutters and toe edges of the mould as shown at d <2 <2 ; 

> which raised portion of sand is. subsequently compressed so as to 
form a dose joint w%n the upper box part is finally laid in the 
petition shown and lidd dowri by means of weights W, to enable 
. the top part to zesid.dflia ' Upward pressure of toe metal, also the 
..lift of the core while"‘ iho.<;jmetal remains in a liquid condition; 
t';.toe amount of pressui^’ il^j^ding chiefly on toe depth of the 
'‘nuenlded snrfac^ from the W<d of the metal in toe casting head 
prlitinner, see page 357. 

V . "ito the construction of'^i^ morflds, as well as the moulds of 
artid^yil SI necessary that toe core bo 
iiuid#'J|||i^jld. and porous; are obviously neces- 

~aar^| PP|^ ^ ' remember^, in toe core 

must'-'lQl^i^. the core. 
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heiiv^ itself so much confiBidd ;eAtori)[dlljr me li^nul metal when 
])oured, the ends alone i^rvmg^;^ ' js^ahneV,;^ 
interior air, must ofler witl^n Ittelf iacilil^ for th^ escape of 
the gases generated. Both of th^ bhj^ts are acoomplished by 
employing a tube of iron, formii^ the 'c^^ of the core, and 

perforated at regular distances! fmr |;he esi^pe .<tf the air. , For the 
smallest sizes of cores eomiibbn g^-ptpes are ns^, with holes 
drilled in them at about nine inches distance, on alternate sides. 
Wrought-iron tubes of a larger size are employed for la^r pipes ; 
and for the largest sizes of cores required cast-iron pipes are 
adopted, with rows of oblong holes cut at equal dktanoes for TOnti- 
lation. V . 

Loam Cores. 

More perfect cores are obtained, especially when required in 
duplicate, by fitting the core-bar ends with short spindles turned 
true when in position. The usual practice wlien making a. loam 
core is to turn th§ core bar by meaus of a crank handle. 

In special cases, such as when large quantities of duplicate 
cores are required, it will be Much more economical to adopt some 
simple form of turning gear driven by belt power; provision 
being made for easily stopping and starting, as by means of a 
slip coupling. ' 

With hdllow perforated core bars, such as those described, it 
is no uncommon experience to find that the liquid metal has'!’ 
found its way through these perforations and partly fills up tbei 
interior; to remove which^when the tube is made qf mafleable 
iron, the joint or seam is opened np, and thede shculd 
left unwelded fdr this ' 

With cast-iron bars^ metal gifting into the interior 

cannot be removed ; and by thus spoiling the necessary ventilating 
properties, the bar as such get over this 

difficulty, cast-iron baft of the fqrm' %ow)tt .in Fig. 121 have 
been extensiviely ,|n; is. obtained 

by way of the . next the bar, when the 

rope is wound usual or per- 
forations. To aJi^ cast hollow os 

shown. With this cKbliow' having the usual 
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i 'eate mnst be liaken to iosnre that the air in 
low portion, of the bar is not locked up, and that 


he hot provided for, there is consideiable danger due to the exces- 
sive intenal pressnre of the air when it becomes heated by the 



sartoundittg liquid atetal immediately after the casting process is 


Gore bars for hollow castings generally should always be from 
2 to 3 mches less in diameter than the tiuished size of core, in 
order to leave sufficient space for the thicknsfees of straw rope 
and loam required. In order to economise by reducing the 
quantity of straw rope and loam used, tlie coref bars for standard 
duplicate work are made as large as possible, consistent with 
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auecessful work; this requireh M the straw rope be as nearly 
as possible uniform in thiebtes's, and at the 'same time wound 
Doithd the core bar with a uniftam ^gree of tightness. Otherwise 
the interual surfaces of the caking will be badly’euTugnted, as 
illrutrated lit AAA, Fig. 12^ and.t^is is the rlsuitof irregn* 
larito.;i^|he thickness of;^ ahq^" ^’'hk^tiblll below in the 
same causing the various 

k,.and there- 
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fore nnable to witbstand tbo pressure of the molteu metal. Defects 
in a casting, resulting from the. causes referred to, take the fonoji^f 
slight swellings which corrappond in length to the kngth of the 
defective portion of the straw r^, whioh, being wound in coils, 
causes the swellings also to take the form of rings or coils giving 
the interior of such castings a more or less corrugated appearance. 

When a round loam core is required, say for a lamp-post in 
^^hich the diameter gradud.lly increases towards the bottom end, 
the core bar is usually a malleable iron tube, which, if parallel, 
must not be larger in diameter than can pass through at the 
smallest or top end of the post ; with such a small bar the core is 
too (lexible, by reason of whiph it is very apt to have ring cracks 
throughout its length. To get over this difficulty, ks far as pos- 
sible, lamp-post makers adopt a tapered form of tube bar, the 
smallest diameter of which corresponds to the small end of core, 
whei e the space or allowan^ for the loam coating is often so little 
that twine instead of hay or straw rope has to be used next the bar 
for venting, &c. At the larger diameters, the core is made up by 
many turns of straw rope, bedded and cemented together with first 
coat or black loam, thus forming a comparatively strong mass 
which has the necessary porous properties. With such cores it 
will be seen that the comi)OBition, as regards the proportion and 
depth of combustible substance, must vary considerable throughout 
its length, hence the greatest care is necessary when drying, so as 
to avoid any part of it being burned out, ev^before the loam, &c., 
of tlie thicker parts is sufficiently dry ; for this reason it is usual 
to build up and dry such cores in stages, beginning at the larger 
end and proceeding towards the small end in suitable portions, 
each of which is dried, so that when the small end is reached, the 
remaining period of drying required is reduced to a minimum, thus 
preventing the scorching and burning out of the straw rope, &c., 
at these smaller parts. 4 

An important f3ature in the use of straw xope in core making 
is due to its combii-^tible properties, by reason of which it beconMs 
completely dest oy^ after the casting p£QCe.«!S^ thus leaving a suf- 
ficiency of clearance between the Ibajoa the outer surface of the 
core bar, which enables the latter to be readily and easily with- 
drawn Irom the casting. When iconsider, however, the ^omous 
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quantities of Straw used in Sf^me examples qf< foundry practice, it 
surprisiug that so many attempts "liate been made to con- 
oort; bar which can be cplkpsed b^ tncdbanical means, and 
thus obtain a considerable saving in' ce^ of production of loam 
cotes jb^ doing away with the neee^ty for straw ropes alto^^^eiher. 
O^psible core bars, howevei:, l^Te Aot been very successful, uii- 
' less where for special work, and &en only with the larger sizes, 
vis., 18 inches diameter and upwards these being generally very 
complicated and expensive to keep in good repair, are practically 
unknown in ordinary foundry practice. 


w Loam Conn Maeino. 

In the production of lobg and straight loam cores, the metal 
bar is first supported at each end in suitable bearings or iiotcdies 
formed along the upper edges T T of two iron trestles in the man- 
ner illustrated in Fig. 123, in which the form of trestle A is also 
shown. The notches referred to are either V-shapod or scani- 
circular, and may be formed in separate bush pieces fitted by dove- 
tailing into the top rail In this manner the bearings can be. 
readily removed and replaced when worn out. In pijoceeding to 
make the core, the bar is made to revolve, either by means of the 
usual crank handle at one. end, or by adopting some form of gear- 
ing which will enable the revolving operation to be done by belt- 
power. While the ||^ is thus revolving the straw rope is fixed by 
an overlap or hitch at one end, and then fed up so as to entirely 
cover the bar with the closedying qoils, one thickness of roping as 
shown in Fig. 123, being generally sufficient, unless when the core 
bar is too small. 

First coat or block loam of the composition stated in page 20;") 
is now laid on the top of loam hoard B, and pressed forward on 
to the top of straw cohering ifis it revolves towards the bevelled 
' edge shown on said board, which has been previously set so as to 
off the soft projecting |oam, and, at tl^e time, make 
it to the diameter required stage, at tbeyik)mpletion of 

which ^ 6ore is dried (pteviotw tojhe second, or flnisliiug coat 
being When dried, tbp fiiret coating, by reason of the 

high proportion of clay in its Gotnp0^i<;^ is badly mcked, so that 
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it is necessary to cover it over with . a ismnd or finishing coat 
loam, oontaining a higher propiMl^n of aharp sand as shown 
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. j age 296, and in the manner described for t£e .first coating, tlio 
loam board being at this stage set so as to make the outer surface 
to tlie desiiS^ finished size. The core is again dried, previous to 
the final .oc^tipg with blacking, the latter being applied, as usual, 
ivith n- brush or swab, the heat of the core being generally suf- 
^ to dry the thin coat of blacking. 

By developing the process just referred to, we have a ready 
and cheap method for producing a pattern of any cylindrical form 
in loam, thus avoiding the expense of a wooden pattern, otherwise 
necessary. . The advantage has special reference to such cases 
where only one or two castings are required. Take for exa!uj)lo, 
au, ordinary spigot and faucet pipe. The core being completed, as 
described in the foregoing, and illustrated in Fig. 123, the pattern 
is produced by adding still another coat of loam, but this time 
using a specially prepared loam board, such as that marked A, 
luiving its scraping edge shaped so as to trace a suifaco the same 
ns the outer surface of cylindrical casting required ; the loam being 
applied, dried and coated with blacking, ns previously described, it 
is now ready to be used as a pattern. When dofift with as a pattern, 
the outer coating is readily taken ofi‘, duo to the separating efiVets 
of the coating of blacking put on, after second coating^pore, and 
previous to the coating >\ith loam to form the patteni. The core 
is thus (after a little additional finishing) again ready for use as 
such, after having served as a pattern during the previous mould- 
ing operations. 

I s 

Chwusi, and Cobb Najls. 

In the pkdug and seeing of cores, it is generally found neces- 
sary to support and fix them ia the proper position, eo that they 
nuiy not shift thdefrom by the action of the metal, or even during 
.^ihe handling, of the mould. In light green-sand moulds the core 
jVjBjay: supported or set to give the necessary thielmess of nietul 

C»y; ^ng a la^ge tlat-hoaded nail, as shovm at N N iisljK. 124. It 
.wilt lii'Seen that the nail is further supported by two Agonal stmts 
in JhQ.,fotiCu of long sprigs S S, also inserted in the sand. By 
tbk the long nail which alone would readily pierce or sink 
iutOi.^ .snhi^ is made to ofLr ‘ cuusidcnible resistauco by the 
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locking or wedge-like action between the sand and nails, as stown. 
I'liose nails are subsequently cast into embedded in the casting 
produced, with tlieir long points projj^titfg frbm the outer surface 
to tlio same extent as they pre? 
viously entered the sand, and there^^J-,;^,^, ^ 
fore require to be chipped ’ off " 

(luring the dressing process. An- ' 
otlier inetbod of supporting the 
llat-licacled nail is to drive the 
point N into a small block of wood 
previously bedded in the sand at 
the proper place below, the wood 
being covered with sand sufficient 
to resist the action of the molten Fjq^ 124. 

metal. : 

Fig, 125 shows three similar forms of chaplets, A,B and C; 
s})•^cially manufactured for moulding purposes, and extensively used. 
They differ from- each other only as regards the total area of surfsv^e 




Fig. 125. 


and strength of snpport, this being obtained by simply increasing 
the number of studs from one to three or more,- according to the 
roqnircnients. 

Fig. 126 shows a newer form of stud, made of cast iron, in 
which the flanged portion a a is thinned towards the outer edge, 
in order that it may be more readily melted at its circumfeteiiee 
liy the heat of the surrounding molten metal, and in this manner 
olitain a casting which does not allow w^'t^/tO’pa^ through at the 
studs, as is ua^ly the case with the o^ihat^ jaerew sitid or nails. 
To obtain result is of the greate^ ^pdrtanee i^ oet-iron 
pipes when ^t on declivity in green‘<«and.ih6ulds. Th€^^!ea8l-iron 
stud shown has, however, not turned great success that at, 

first might have- been supposed, the fact that they are 

often found to.ha.ve,been atett^|^||hpat . before the metal in 
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the. cac^g W beecmae s^, with l^e reeult that bending up of tho 
;cote owing to its being fiee t6 rise, thus producing 

nneg;nal '^dcnes^ df. M the casting, or thin at the top, 
towurds :&e middle its m;tb, jtist aSf if no core ilail or stud 
need. ■ 

I 




Fig. 126. 


Fig. 127 . 


Fip. 127 is m ordiuary screw stud as usually adopted for the 
piir]) 08 es referred to in the foregoing. 

Fig. 128 shows another form of cast-iron chaplet sometimes 
used for heavy work. The surfaces in which tho chaplets appear 

attervvards^ to be machined, 

the object being that these sur-- 
■ it when macliined will present 

i I ill ? ®' more uniform appearance than 

TO . aT7aiiiur H.G 5 L £: . ;7 ; when malleable iron chaplets are 

Fig. 12& used. Care must be taken to have 

such chaplets of sufficient strength 
or thickness to r^st the smelting action of tho molten metal sur- 
rounding it. ' ' 

Chaplets and nails, howeVer, should always be avoided as far as 
possible, and especially when the castings are intended to carry 
water, steam, air, &6., under pr^suie, as the metal of the c^st- 
. ing, even at the best, adheres imperfectly to these nails, &c., so as 
io ;,pauM leakage at these: it is also common to find the 

yerjF.much honeyedfehSl in the vicinity dLAaplets, &c., 


Fig. 12& 


* ibt by the pfe^eUee of vapour deri iUP rem water 
)bsitod on these meJ»l surfaces by^JHWsation of 
ebsphere uf the ^i^d, ,^|>eeiaUy^ &e case of 
mlds; su(A by the heat 

fletal du4o|t which 

• 
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vapour is held in suspension as the metair solidifies and becomes 
iliick enough to prevent ite , with / the result that the 

easting is honeycomed as stated,^ deffects, the 

teiulency to condensation is rcdiiced by’cmtiiiig'^&e chaplets with 
chalk, oil, tar, red lead^ linseed either of 'which will, to 

some extent, have the dei^thd 'e£P^' redneing the te^^^ncy to 
condensation of the aqueous vapoui^^.ei; by absorbing the :i^pQUr 
to some extent, such as when chalk fe^Siaed. 

Chapkts and nails, as already Wicated, are not only reared 
to take up the weight of cores, hut are as often hsed te keep , the 
( OT-es in position and prevent them rising when the molten meta) 
is being run into the mould. This latter tendency is due tb the 
l)U()yancy of the core as a whole, by reason of the higher specific 
giavily of the molten metal in which the core has become sub- 
merged. Under such conditions the action of a core resembles 
tliat of a cork when submerged in water, and the larger the size 
ol l)ody submerged tlie greater is the force with which it tends 
to rise ; so that large cores, otherwise unstayed, require to be 
held down or prevented from rising by means of studs such as 
illustrated in Fig. 129, either single or arranged in groups at the 
top side of tho core, 41 II of which remain afterwards embedded in 
the metal of the casting. 

If the number or size of studs adopt(‘d he insufficient, the 
clloct produced on the studs will be as represented in Fig. 130, 
which shows the crushing effect actually produced on a stud 1 iffeh. 
in diameter, the same as that shown in Fig. 129, owing to* the 
number adopted being insufficient. Tho metal at the top part 
of the ci^stiiig was, of course, correspondingly thinned or r^uced 
in thickness, so much so that the strains set up by differeilbes in 
tile rate of cdoling djic to the variations iu the thickness of metal, 
w(U’e sufficient to caiise a wii^e crack at the thin part, just through 
where the crushed stud was placed ; and when the casting was 
broken up further and at the position of stud, the latter dropped 
out crushe^^^ illustrated^ and coated vrith blacking, dmved from 
tlie mould, which as usual pfevent^ it from hem|pmmed or 
fused into the surroundlngVm^aki^, :^ of ,tiie stud re- 
ferred to takes pkteo, of thah when under 

normal conditions, j of 
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rovmding otoiten qietid, wbidi is sometimes snfiSciently high to 
evenm^l^^ud, 

pressures to be resisted as those indicated by 
^ mfufibe^ stud, 130, it becomes apparent that not only 



Fra. 129 Fra. 13(1. 


mnst the chaplets or studs in sneh oases be strong, but that they 
tliemselres must be sufficiently well supported or held in the 
desired position, otherwise they would readily penetrate the sand 
or loam of which the mould or core is composed ; for this reason 
both ends, i.e. the top and bottom of every stud; are made to hear 
on square or other shaped metal blocks, as represented in Figs. 12(>, 
127 and 130. These blocks in turn ore prevented from shifting 
under pressure by being wedged up against some permanent por- 
tion of the mould or box in which they may be contained. In the 
examples illustrated in Figs. 12(3 and 127, the lower block C il 
is specially made so that it rests on the core-iron, while the top 
block T B is made to bear on one of the cross-bars of the top box 
part, either direct or by means of wedges and distance pieces of 
irofildn Fig. 130 the stud, it will be seen, is made to bear, both 
to^iH bottom, on metal plates embedded at the top side of the 
core and also at a corresponding part of the upper Surface of the 
mould. The upward pressure 'or load product while the metal 
is still liquid is thus transmitted and taken Up by the metal bars 
or distance pieces indicated, the latter termimting. in some per- 
manent p^pn of the top monldipg box part or plate as the 
case may W" . ■ ; 

. Jtn o^er that the latter may be sufficiently permanent and 
cftp(^|»' of resisting tbe upward lbi:ust ixan^itted to them from 
the l^ as well as the upward pi^eBBUte metal all over 
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the upper snifitoe of luoi^. iti^lIjipaespBiy to add r^tanoe bf 
placing heavy weights on Um top 'p^ ^«f. '^nonlding hox, as showii 
in Fig. 120, or in two part b^:^j,^‘ineanS',of e^iron binders 
or malleable iron bolts, as and .de^ 

loam moulds, -long nmlleaye''lui]|^4>Aj^>l^ 
are used for the same purpose, a^ v;«oniUK|ted tb.slha ^ and 
bottom loam plates as showi^ by np .dr otherwise landing 

by means of strong chains. ‘ i ' ' ^ ) * . ' 

Chaplets, such as those iUustrt^ in Fig. 125, are often used 
where the tendency to lift is not Very great and where weighting 
or binding is unnecessary. It will often be observed, however, 
that the flat heads project slightly above the surface of the casting; 
so that they require to be chipped away flush; this is due to the'' 
sand bearing being insufficient, and therefore giving way a little 
under the pressure due to lifting of the core, citusing the metal 
at the upper side of the casting to be correspondingly thinner thap 
intended. When such a fault occurs it may be remedied 
adopting a larger size (tf chaplet, or one having additional fiat 
heads. 

Buoyancy of Cores when subueroed i\ Moi.tes Metal. 

In the foregoing remarks regarding cores we have repeatedly 
referred to their tendency to rise or float during the casting process, 
and that too so long as the mefad remains, in. a liquid cmidition. 
'I'his is also the case with all those par^of :a mould which become 
submerged in the liqmd metal owingljb the difference between 
the specific gravities of the core and m(dten iron. 

To understand more fully the natura' and intensify of ^ un> 
balanced forces to be provided against in ordinary jEouUdry practice 
from the cause referr^ to^ we will in the firet place cqnfn^. some 
of the more familiar examples of flcdiation;;i^ b^yfinfy in water, 
the specific gravity of which latter is . all 

other specific gravities nre 

of wood having a specifle ^ the 

weight of water. If we ; wood ' -ih' we not 

only know that it vrill bulk will 

above or out of the,W!at^;-'|^;|h^i^jiit;'|^^ ^Sl, . That m||pK)d 
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is maiiitaih^ 0^iiilibripm,i«^ i state of rest, shows that the re- 
s^ltent tipward pressure of mter E is equal and opposite to AV 
the iwfieiht of wood, which f^cts; r^rtically downward through 

OO. The, linportant point to be observed Iicre 
£i^i^^^lp|he ra upward pr^ure B is always^ equal to the 
"^weight of water displaced. Therefore we have the wood rising out 
of the water u.J.il the weight, of water displaced is equal to the 
weight of the piece of woodj' ft^her, if we attempt to totally 
submerge the wood, and thus increase the displacement of water, 
wo increase the upward pressure R, without altering the weight of 
wood, so thftt it becomes necessary to add the difference of pressures 
required to produce equilibrium^ when totally submerged by push- 
ing downward wiih the hand, or other external force, such as by 
placing on weights, by means of which latter the upward effoj-t of 
the wood, when totally submerged, could easily be measured. "J'lns 
riuhing procass it will be seen is just wbat takes place, when loading 
!i^hip, the primary object of which is to carry cargo or weigh f. 
it is therefore constructed hollow, as shown in Fig. 182, in or<l(T 
to give the maximum displacement for a minimum weight of hull, 
after giving due consideration to such important points as the 
stability, also the shape, corresponding to the least resistance whe n 
sailing, <&a 

Fig. J33 is another example of a hollow wooden vessel, regard- 
less of stability or sailing power, which, being comparatively light 
for its bulk, does n(rf/ sipk so much as the s lid block represented in 
Fig. 131. The reactipuft^^eight and water are indicated in each 
oxiiniple by the same and IJ. * 


In dealing with sand and loam cores, in many instances totally 
submerged in a bath of^liquid metal, we have exactly the same 
reactions as those previously described (when bodies float, or are 
^held down so that they are submerged in water), except that in- 
^;|tead of the specific gravities of wood and water, we now liuve 


l^qnaider tbe relative specific gravity of the core as a whole, and 
J^b^/specil^^ of the molten metal. Owing to the raj)id 
:f^oling"<i^|^radually thickening of the liquid metal until it 
solid state, the actiem considered as floating 

therefore be confined to'n short period, 

thi^PP^ being nevertheless often quite . long enough to 






Fig. 132. 


Fig. 133. 


It will of coTuse te unclerstood that cores differently constracted ■ 
l yil liavo different specific gravities taken as a whole. Ill order, 
ihereforc, to estimate the probable specific giravity of aay exaitaple, 
the specific gravities of the following materials have been chbd^ .ag 
representative of those nsed in.’ 0|4u^y foundry practice ^ 

Spfoiflcer^ity. 'if'-' 'i'. 

^ast iron as for core burs and irons ‘ 

Quartz .. .. 

Eiirtb •• •• •• 

Concrete (old innry) .« ‘ 

„ in coiiK'iit ' , \ 2 ^ ^ ^ 

from which it will ,h© ee^ b«liA|ry huilt ioam-coM| vvith 


built loam-cozg|.vt'ith 


iron gratings, &e., ady gravity from 3 to 5, 

*“ - jt *- .. I ,t. 


2 A ‘4 
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m b (U^brtuQ tbe tmmi of lift vortaoulljr, or the ten- 
AtON to move in aoy olW tlizeetioo, it may in some 
^ Iraod eaner to look at Qia problem more with regard 



IM, 


||HP Jb ibey ate expdwA^ By ibis means the total npward 

I pplja^ y ff ike core, if any, is be diffenance between the total 
li^md preMaie (ta whiah^i|o|n|l| bd added the actual 
«eiw« the core) and the iotid li^idd pressure. The 

fcamephoeM of reasooiag is adopfled ^>poerbb any unbalanced 
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lateral prossaie. These residi 
ascertained, the neoesear; '|^TiB&^^vi^ti^ 'i^ 
any other submerged 

In making such 
that every foot in depth, or 
a pressure of 3*25 pounds jpiar 

surfaces of tiie mould or cores ; eumple, such 

as that.illustrated in Fig. 134 in‘^^^ik''%e -lairo at A this mould 
for a long barrel turned up on end Wore in mder to,insuie 
a sound casting, and at the same' time uniformity of thi<^BW 
without the aid of diaplet^ && . Immediately after this ntoiild is 
full up with molten metal, as indicated at the top in metal ronnm, 
the pressure at the bottom, due to the maximuih depth of 10 feet, 
is 32 ' 5 pounds per squai^e inch, the pressure at other deptlm 
ing, or greatly diminishing, as shown by &e scale of pressure ordi* 
nates, at the left of mould A, until at the top level, corresponding 
to the level of metal in the runner, the pressure is aero, as stated. 

It will he seen that in this e3cample, the lateral tendendes of 
these varying pressures are at all points in equilibrium, hence the 
core does not tend to move in that direction, and therefcm does 
not require to be held sidevmys, as already stated. . . * 

This, however, is not the case with regard to the vertical %roe8 
in the same example A, owing to the considerable didbrence in the 
vertical pressures P and B, acting on the top and bottom ehoulders 
of the core as shown, the areas of which annular sur&ce are hoIlK 
equal. 

Taking the dimensions as shown, viz. 6 inches, and 16 inches, 
diameter, the eamsed annular area at the top and bottom, ate there- 
fore each equal m (201,% 28.* 27) squajre ^whes <a 172*73 square 
inches. So that we; estimate tiie' i^iWtant, m unbalanced 
force, as follows : — '■ '■ , 'f'H - 

Downward P « U‘'85, * {tennds - 


Thorefore total downward^we. 
Total upward proMua. 

Bo tkat tbere ii«tiU'a':jp 







» imo*M7 

l ^ ,« I of a ton' njlij 
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y mtiai 'or<?6iirse be resistod by some ex- 
t sbowa' at in Which the bottom end of 
; receive s imt end waisher. The latter bearing 

as sboWn, preyettts the core from rising, 
me it would do whi^ Jfce is poured in. There 
a, Various pthef x^eiinB for holding down the core, such 
• cotters,, eta the choh^'^ depend on the ma- 

. terials available. . It mighti^^iki^, why not hold down this core 
by applying weights at wd, it being a more direct and 

simpler method? This iatJer plan will no doubt be found com- 
paratively successful when , the ifora is short or proportionately big 
, in diameter, but if . such a 0ore be correspondingly long and small 
in diameter, by . being held at^ the top end as proposed during the 
casting process, it wiU at hnoe be seen that the core and bar must 
now be under compnassinn lengthwise by reason of the weight 
downwards and the yertieal' lift upwards; and to this may he added 
the effect produced by the expansion of the core-bar as it becomes 
heated the surrounding liquid metal, all of which tend to, and 
generally do, buckle or bulge the core to one side with corresponding 
variations in the thickness of metal produced. By the method of 
fixing at the bottom, as suggested at A, Fig. 134, the core is free 
to" expand in tho direction of its length, because its upper end is 
free fb move vertically as indicate. 

In addition to the cross-bar 0 B referred to, it is necessary to 
secure the core from dropping down as it is being raised into a 
vertical portion. This is readily done by passing a second cross- 
bar OD through a suitable hefie at the bottom end of core-bar 
inside the bottom end, of box: ^art ; the whole arrangement being 
made tight by means of smisdl wedges W* W as s^wn. 

Example B, Fig. 134, is' simibr to t^t ju«t*escribed, except 
that the upward tendency to rise is now 'giuater owing to the core 
being the same diameter right tip t6 ' the h)p end, by reason of 
the downward restetaii^, jdaie to the pressure on the top 
aa in the previoTjs JMM^mj^e, m here removed. 

134, is another ^n^e in which both fop and bottom 


is neither upward nor 
process, except 
iif ^e, ;aaad bar com- 



the 
lined, 


I liave been removed, al 
of the core. 
.teDdency^ae.i^^ 
^bwB isl 
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The lateral pressures ee6b example tead ^y 

to collapse the cOre by forcing it ag^nst*ll\p ; or by their 
ward direction, toad to burst, mptiil; or md^lding box fasteh- ^ 
ings, which must be made more ^lire in prppor^ll^ ^ the depth; 
and area of moulded surfape expo^ to the li4uid^>metal. 

Figs. 185 and 136 are two intei^estmg ex^ples of core settings 
adopted in the production of sdch <5astingS; as hydraulic ram 
( vliiiders, in which one end is closedl^tird j ns sliown> and where 
til- usual method of suppoiiing d^ end, of the core with 
chaplets is most undesirable, on aecouS; the tendency of blow- 
])oles aud hojioYcombing ' at theBe parts due to their presence. 
Such castings would be unablf k> stand the sppci&ed hydraulic 
test without leaking at the various points referred to, not to speak 
of the corresponding weakening effects. 

Fig. 135 illustrates a method by which.nb steadying pins or 
chai»let.s are required. Here it will be observed that the moulding 
\>o\ is made in two parts lengthwise, to permit of^spection and 
free access to the bottom or dead end of the core when the mould, 
etc., has been upturned so as to be vertical or hanging plumb. 
Previous to this process of raising to the verticaj, in this example, 
tlie core is laid into the mould as usual,; the dead end bteing sup- 
j)orted by means of two pieces of wood*W W, shaped so os to give 
the desired thickness of metal ; the other or top end being also care- 
ihlly s('t and fixed to a three or four-armed cross-head by means of 
cast-iron distance pieces, wedges arid clamps in the manner shown«‘ 
ddiis latter process being completed, the mould and box*(alli^a yet 
bolted together) is raised into a vertical position ; tlie lower portion 


is now separated at the joint A B, with guide pins as shown, so 
that the thickness pieeM of wood W W required while in a hori- 
zontal position may readily removed, and the uniformity 

ot the width of space when this ,i» satisfactory th^ upper, 
box parts are let down and bqlfc^. together vrith the lower portion 
sliown, so that the mould is Jnow: ^e^jrfor casing. It will be 
f-oen that when in a verticaKbr .j^uifibb . |5o«ition this core has no 
f eudency to change therefrom, eij^b.b^re or immediately alier 
tlio mould has been filled ^ lateral liquid pres- 


sures are in equilibrium ..arid .,; 
already stated in the WavJlWji! 


collate the core as 
V As regards the upward 
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liowavei?, Kmi aatomit lift is proportionately greater 
thni in dtiiec of the foregoing illneixations A, B, and G, Fig. 131, 
as indeed ft has here reach^ the condition of maximnm nparard 
tendent^^hej^nse we have now the entire aross'sectional area ex- 
posed to the upward liquid presshte at tiiS maximum depth ; while 
the total pressures on the equal annular spaces higher up are practi- 
; cally in eqnilihrinm on adeortnFof th^ nearness to each other, so 
thatUepreasnres on^ese»qiiihdiGatedat A, Fig. 184, are approxi- 
mately the sama tidy downwaifil tendency, therefore, is due 
to the weight of the octw' itt^ !Che core in this example must 
be securely held down as 1^ damping and wedging to the cross- 
head as shown,, rthich process has also to serve the purpose of 
maintaining the core centrally at the top end, so as to leave a 
comparatiTely wide annular Space into which the metal is ix>ured. 
The upper portion of the casting is made much longer than that 
requited, m order that the upper portion containing all dirt and 
honeycombing may be remov^ byontting off at C G. The branch 
core D is prevented* ftom rinng by inserting one end into the main 
core, and having the other end bedded tight into the sand forming 
the mould proper. The main core is made np of loam and straw 
wound on a malleable iron perforated tube core-bar ; the whole of 
the venting therefore passes thrsngh the side perforations, then np 
the cmitre, and escapes final^ through the perforations exposed at 
the top end, as shown. • 

Fig. 136 illustrate another method of supporting such cores 
ofteu^opted for Speeding, and* at the same time avoiding the 
speciu anangoment of moulding box' as described for the fore- 
going example. In this the molding process is much the same, 
except as regaida the setting and fixing of the main core, which 
it will be seen is here supported diffigjM^ on both the top and 
bottom ends when lying bhe top end the sand 

bearing is farmed in tiie «b^' the metal runner being 

^speetslly formed with four car ncTe getea as diown. The bearing 
Wtpm end of the ft by dnving a specially pre- 
pilp oast^iron bar into the eotzespoa£ng end the tube which 
Ibran tite cqre^ •, the outer end of fbft oast-inm bar G I pro- 

us io rest on the saild i||l Whai the mould, etc., 

is vertical .y»es« prevented from 
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C 1 is bearing har4 bn 
necessary to see that . 

when the metal is 
veiiiently done by 

end of the corek^lkfmd 


or lower' 'baiii^of 


, It 'is ndw'bhly 

!^.eben» 13 bon* 
[ &e iron 


up as indicated mei^<id7ih|i or bar 0 I 

is cast into the dead-end 6f the oyliod^i^S^^' ^ iemoVing the 
malleable iron tube core-bs^ a portion b^ the stud projects into 
the interior space This, however, is readily removed in the 
dressing process by previously tsarking Hjmth a chisel, so that it 
will break more readily at the point Adorn to the metal. 

The simple nature of the examples suggested in the fore^ng 
have been chosen in order to avoid complications as to the prin- 
ciples underlying this part of the subject, which, if properly 
applied, will enable the reader to ascertain and make the necessary 
calculations regarding the effects produced in .many of the more 
complicated questions arising in ordinary foundry practice with 
regard to the stability of cores and other submerged portions of a 


mould during the casting process, or so long as the metal remains 
in the liquid condition. 
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CHAPTER Xm. 

■ , 

GftEEK-SAND^ MM JifOULDlNa. 


The art of moulding 1^ divided into two gi'eat divisions: 
namely, green and dry-^ifemd moulding, and loam moulding. In 
the first division, patteims of tho articles wanted 1are universally 
employed in forming.^^^ moujdi in the second division, the 
ordinary patterns are mspensed with, the objects of this division 
being heavy castings of a regular form, as cylindrical bodies gene- 
rally, and other circular wi^e, such as sugar pans and gas retorts. 

Large square vessels, w'ater tanks, for example, may also be 
made by a process of loam moulding. The first division, again, 
embraces every other variety of article for wliich there must bo 
patterns. Dry-sand moulding is generally employed for ihc 
making of pipes, columns, shafts and other long bodies of cylin- 
drical form, more especially when such castings are required to bo 


of the highest quality. 

In general foundry practice still another subdivision exists, 
known as jobbing moulding, which includes the casting for engines 
and machinery all kindii, i^lso the Heavier class of work, dis- 


tinguishing them fron|>.1^e pl^am und other light work. 

Amongst the ' of woVk included in the various 

moulding proccsajis and varied contrivance is 

displayed in the and in particular of 

the cores, the manhgeno&t r^^^^^ matter of very 

considerable importance;, of the 

that inuch of the of sound cast- 

'^^u^S'is.due.' ^ ! 

witL :ia; ^ patWn iH 

{)it^Sj^':‘a0'' 8is;sot to referred tj 

by of the 
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sphere, both of 'nrbicb .in tho sand so that they eansot , 

he withdrawn withont the ^ by the J^tios or'; 

removing of that portion qf embraced .by t^e 
lines, drawn from the ext]^]||e IbintR of ^e hoiii^tiil ii^^isions ' 
iis shown. In order to tii^, renmTal & ^ pattern^^ anch 

eases without destroying ^the. ffloidd4<:iit,,is,'|>^^ry to i^ke the 
mould in two parts. .The first operiit^!|iBj ea^ example is to 
lied the patterns as shown at G and 0, ^ their largest ^ri- 
zoutal dimensions are . expteed fit, the of the sand,' which 




surface is made tO form the dii^^diiig- plane two 

,uaii« 3 ia of tlie-roonM refemd'io. The second dt .4bner.i)^ 
oi the mould is now formed l^;4neaB»,;0f a mouldiBg tox, trafing 
on the parting face, bo m to t|^ and pro- 
jecting portions of tb' ‘|ja|l^‘|^h ^ %e,#PP« half of 

the sphere shown. \ ; .,j 

Fig. 138 illustrates a process.' 


a small fuse hole, to the introduction 
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of dongMed jirqjwijIfiB now used for zifled gnns. The pattern is 
here sbown at B. The cote required to form fo.e liollow mterior 
and a«||tt'j^h'hole is shown at 0 ; tbA fose-hole portion being 
leagfip|f to fill np tbe left by the print, A, 

' shoim on ih» pHttem B. A ^flon mrihe mortar-shell through 
the fhse^ole is shown at a. ^e whole core is formed in a box 
! which opens in two semisphericsl parts to allow the core to be 
extracted. A piece donUie-twisted wire is env^ped in the core. 





projecting at the neck with a lo^ at ihe enter end. By this wire 
the cote is to be held dowiH^ |88 is a sectional new of the 
moulding box and the mot^difife tdiowing the cme in its situation 
sad the applications for holding ihsro by means of the wire, 
whioh passes through the hhttmn^'bf ^ monlding and is looked 
on the nuder side. Two gates asd' also, i^resented which the 
mets) hi poured. 

It is istldent» thea> that whdh the hi formed the fuse- 
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hole is the only exit for the eoie>«(nd in the interior. The ma- 
tt ml of the core ought therefore to he es^y friaUe, as it can be 
bioken down only by hlowa Accordingly it is formed of 

iree sand, so tempered ^ Other oha d i ng materials, 

as to acquire just onOlde it to bear the 

action of the metal Ic^hole eOie la made Of took sasd* to 
enable it to bear the wei^t S the body of tits core, and to with* 
stand the strains to which it may be sulgected. The surfaces of 
the core and^terior moulding are washed with a mixture of 
blackening adHsrater, to communicate smooth interior and exterior 
surfaces to the shell. A pricker is sent into the heart of the core 
through the neck, forming by this means a passage for the escape 
of the air confined throughout itt substance. 

A variety of other peculiar circumstanoea occur frequently which 
require special modes of management. For example, a common 
sheave requires a particular and an degant process to execute 
the moulding, as shown in Fig. 139. A is a diametrical section 
of one. The circumference, it will be observed, is grooved ont 
semicircularly at a, and a hole o is made through the centre. 
The object is now to mould the pattern in sneh a manner that the 
portion of sand forming the groove a a may be left in its place 
when the pattern is drawn out The pattern B must therefore be 
formed in two halves, separated by the plane a' passmg through 
the centre of the groove. These l^lves are prevented from shift- 
ing by pins n n, or thjs may also be effected by a button on the 
centre of the one, fitting « recess in the other, as in the figUin. 
There are also prmts at 0 | Kfo r supporting the core. 

G represents, in seG(fiH''tim moulding of the ptdl^; dd and 
b b are the boxes. The ^raexn is first bedded the lower box, 
and a parting o c fmmed finsydie under zim'to edge ol the 
box. Tbe ring of sand c c* s 18 , in the next {laoe, tammed about 
tlie pattern, filling the groove, and iti, Upper pacti^ trar&ce e « is 
brought from the upper rim. Agaiiy tlie box k placed on 

the other, and also filled. 

The ramming being now ooau^eied, and the gate-pin set, the 
box d d is lifted off, oarryhig it ihtpfeasion of the upper 
Bide of the pattern. The i||^|iia|f ’df the pattern 1)6% free, 
IS lifted away, and iAe ^ 




ftnnuhr core edew o^yiar; lifted ftom its situation during 
the v\mx the tvro hojiies are Imked together, it is 

‘^^^i|||ih' on every side, and . ihliM ;all''pQi^^y of shifting is 
removjed. 
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When there may not be facilities for turning the patterns of 
pulleys of large diameter^ the grooves are cored out in the mould- 
ing. For this purpose a running the pattern is 

provided in the making, stetch^ in a section of 

a rim of a wheel suppOsM t6 be made arm The print is 
indicated by the dotted lin^, and a core of the Sectional iarmfgli 
IS constructed in a core-box for the pui^ose. -As there are only 
two l)t)xes for the moulding, the pattern is mostly imbedded in 
the under one, the parting being formed bh a level with the coie- 
priiit at /. It is not necessary that the core be all one piece it 
may, for convenience, be formed in several segments. 

As ill tliese/' so in all other instances, patterns, or parts of 
])ui,lerns, to he capable of being moulded in sand, must in their 
g(‘neral outline taper from the surface of the sand downward. 
J^'or this reason, such parts of the surface of a pattern as may be 
iiit(‘nded to he vertical, when it is being made, are never truly 
so. A slight tapering inclination is given them, that they may 
leave the sand more readily. 

AVhen it is required to produce large quantities of duplicate 
castings of moderate size, it will often he found an advantage to 
adopt the shell-form of pattern which, when used, enables the 
core to be produced along with, and of the same quality of, sand 
adopted for the mould proper without the use of a core-box, which 
latter process, apart from the expense, will in many cases not bo 
nearly so accurate as regards the thickness of metal, etc., produced 
throughout the- castings. A comparatively simple example of the 
use of the shell-pattern is t^t shown in Fig, 11b, page 334, which 
illustrates the moulding p^rocess ; another example is that showm 
in Fig. 120, page 341, the moulding and venting processes being 
fully described in the adjoining pages. 

To produce a cast-iron shell pattern it is usually made up first 
in stucco, with the necessary allowance for double shrinkage. When 
th(^ shape or form of pattern -required permits, it is produced in a 
similar manner to that of a loam piould by sweeping the various 
surfaces with suitable sleeker boards while the stucco remains in 
tlie plastic condition. In some instances it is necessaiy to form a 
mould of stucco, in, to which .in. a: more or less liquid 'con- 
dition is poured and alW^ mould portioil^ 
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being afterwiut^ ili^Ted so to to leaye » 4^st in stncco of the 
desired tibd .giving the necessary 

finishing , Is'.tiraW^ OTOT and methy- 

lated;'>i^inti| In^m^nal ^lattems generally. 

yhfST < he. nntt^ir of lastingB hot exceed five or six, 

and the pattern is not .likdi 7 jli$|i|e;xeq^iired again, the stucco pattern 
may be used direct 'wiihoai of making an iron pattern. 

Great care, however, & x^td^i 'V<rhai the stncco pattern is to be 
vsed direct more than bn^, soon draws damp, and becomes 
easily broken. It wiU be eeeii ,ihat shell patterns are exact dupli- 
cates of the castings prbdne^ (W^e and oatside), and only differ 
by the pattern being in halves, or more than two pieces, held to- 
gether by means of ir<^ dowel '^iiis and corresponding holes in the 
nsnal manner. 

For the more inegtilar forms of special pipe castings the 
patterns may be made np of half rings, arranged dose together, 
so as to take np the form of a special template made the exact 
outside size and shape' of ^e parting or sectional plan of pipe 
required. The pattern formed 'in this manner is similar to the 
ordinary shell pattem, and the .moulding process is the same, 
except that it requires much greater care in pladng the rings 
forming the pattern. 

When straight pipes, bends, tee-pieces, or other special pipe 
e ga ting H ate required in ordinary jobbing foundry practice, the 
wood pattem generally adopted is constructed in two halves, uith 
two or more dowel pi&s to prevent them shifting when put to- 
gether lor mouHing. , . 3hdt pattocns,^ however, require separate 
corelioxes. 

In proceeding ip mom a'|ape. ftom..the patterns a laying-down 
board of wood, or a plD,j^'|s usually employed, the dimen- 

.'^dons of which must always| he dig^^ Ihiger than the moulding box 
. U|^ The board, if of wood/^toldd. .he sufficiently stoengthened 
. not to be readily distort^ diom^ ^mhulding process. 

. ibis board one half ,ig ]$id with the flat side 

down, the box is placed ovm: i^ apd .i^l!!^: tbo whole is inverted 
and (hs board lilted o£ .^le of Ibe pipe is set 

upoi ^ hn^^od balh ^td. i^ and linked to 

^be undrWvdhb; the patterns are 
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lo as we have in other parts, described, and longitudinally 
also by blows upon the ends. The boxes^^ing parted, the patterns 
removed, and the moulding Wack-wasbei^Fith bl^kening, the core 
is sot in and the box closed. Small pipes, wb^ - there are several 
to he cast, are usually moulded in, pairs in one box. The metal is 
poured in at one entrance, whic^ branches , to each mpialding ; 
shortly after which streams of aqueous vapour mixed with hy- 
d logon and otlier gases, arising from the imperfect combustion of 
the charcoal and hay, are expelled from the extremities of the core- 
bars, sometimes resolving themselves into luminous jets. Soon 
fit'lor the motal is poured, the castings are turned out to cool ; 
after which the core-bars are drawn from them, whieh is, a com- 
])aratively easy task, as the hay has been for the most part con- 
sumed, and of course occupies less bulk. 

In the raouldiiigof the various lengths of pipe that are required 
for use, one pattern is made to answer. Pipe patterns are generally 
made nine feet long, of which an appropriate number of lengths are 
cast when more than nine feet of piping is required. But shorter 
bmgths also are frequently wanted, when, of course, the full length 
ol‘ the pattern would not he proper. The moulding, therefore, is 
cut to the required length ; in technical language, the pattern is 
cut in the sand. In such a case some preparation is necessary to 
form a new bearing for tbe core. For this purpose, two semi- 
circular pieces of wood, of the diameters of the mould and the core 
]’(;sp*^>ctivcly, are sprigged together end to end, as at A, Fig. HO; 
and it is obvious that by placing the larger piece in tbe mould in 
(viclj box at corresponding parts, and ramming fresh sand abont tbe 
f.irmer, tfie bearing for the core end will be formed, as showm at S 
in ilje mould A' below. In like manner, if the piece of pipe ter- 
minate in a flange, the flange having been moulded in its place, a 
half fiaiiL^e of the same dimensions, with a half core-print P on it, 
as sljown at B, Fig. J40, is set into the mould, and the l>ciirings 
for the core made up; small perpendicular branches required to be 


nijidc upon pi])es are cast either horizontally or vertically, as best 
imiy suit tbe form of. the box. In tbe latter cose, the branch 
]iatleni is set loose upon -the pipe, prqjVting, upwards tetween the 


ril-s (►£ the box, and, having been^ moulded; it is drawn out, and its 
cure set in ujiion the pipe-core, ai!|L %o wbqje covered in. 
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pi|)^ others heve oftea to be cost of difTerput 
lbno8,J^^rag peCuliftj^treatmeBt. In' arrangements of pipo 
TTorite.lbi^b is t^njAily a^^ber of knees or ^nds in their con* 
. *fb bends are prdin^jly cast separate from ih(> 

.StKng^t iKJrtiiefts of pipe. aiie^tiiinally standard patlenis 

vfind coi^^iies for pipe.j^nds'^jllhenstial square knee shape, hi 
the abs®^ of patterns,' for these and for o^er varieties 
of short piping of the largi^ dimensions, they are swept np in loain, 
the core within the " thickness.” 

We shall now select a Anted pipe as an example of another 
variety of adaptation. A, Fig, 141* is a transverse sectional view 
of a pipe, which may be. supposed to be about Ave inches in dm- 
meter, six feet long, and th^'sixteenths of an inch thick. It n i! I 



A 




' . Fro. 140. 

l»e observed that the core, or interior of the pipe, follows in lin-m 
the exterunr surface, ttie object being to make the pipe as light .is 
possible, otherwise a, round core might hiave been suhstitnleJ. 

To determine; Iheh, the rhethod of easting this pipe : — It is t > 
be noted, in the Arst plaoe, aiSA gehend rule, all cylindrical bodies 
of any considerable length are tirfiulded in two boxes, one-hull' in 
. ea<Ai.' Agreeably to this, the patterns aire usually divided longitu- 
dinally into two halves. Bfeferring to B, Fig. 141, which i.s a 
"nrossHSCctipn of the pipe pattern, the lino a a represents tho main 
. diinshni'^bicli would suffice for a pattern having a plain extcj-ior. 
Fdr'^^K^umn, however, deep as .the Anthi are, subdivisions an- 
neUesB^i^li^er the.monlding-cf^pnK^icable; For it is easily 
eee£ angles h1>ph ii||^i^iel^. ^joining the parting a a 
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<>v ‘ili;!!!;: i\i() l)ott(.m of flxe hollow T)f3tw€eu a and ft. and therefore 
li tiic- paltoriiB were drawpi vertically out of tho sand, they must 
laojik away the intervening portions , of. pahd that occupy these 
liollows. Such parts of the pattern reqm^tohe reltnovecl laterally, 
and for this purpose each half is ;in;^e ^ as repre- 



Fro. 141. 


seiited at c <? c, dovetailed to ono another, allowing the smaller pieces 
to slide off the larger. C, Fig, 141, represents the core-box for the 
pipe. It is, like the pattern, parted in two at a a. On the top of 
the upper half a*loose piece ft, ^j^l ength of the box, is provided, 
wiiich being removed, the sanSlppfcbe sore may be iidrodnceJ hy 
^ \ ' 2 n 2 
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tbe opening ) 0 is the core-bar, which runs the whole length for 
the purpose of Btiffeiiing tlie core, 

^he pattern having been moulded in the usual manner, oih*- 
half in each box, so that the plane, a a, Fig. 141, B, coincides willi 
. the parting of the sand, the middfe piece of eip.ch half is first drawn 
out, wh<5U the smaller pieces may next be removed laterally to make 
way for the core. ' 

' On this principle of > construction in similar circumstancfs, 
patterns are generally made. Fitting strips, for example, 
applied to the vcrticd face of a pattern, below the surface of llie 
moulding, are attached to it by sUding dovetails. Core-prints .irt^ 
very often placed in such circumstance's. In Fig. 142, which is 

the pattern of a flanged plab*, i and 
I are two core-prints, which, iiislead 
being dovetailed to the pattern, 
carried quite down to the plate, 
"which is moulded in an invert(Ml 
n P^^sition; these continuations char 

^ Xi ^ I the way for the prints themselves, 

which would otherwise the 

moulding. After thq cores are in- 
troduced, these temporary vacancies are filled up with the aid of 
smooth strips of wood, and the figure of tho moulding restorf'd. 
In general, core-prints on vertical faces of patterns are caniod up 
to the parting surface with the view of making their own passage, 
which is afterwards closed over the core. 

Take for our next example a panelled octagon column or post. 
It presents a more complicated structure than the foregoing pipe, 
and to render it workable iti the sand the panels are, eacli ])y 
itself, made separable from the l)ody of the pattern, being attached 
to it by screw-nails which are driven from the inside. The pattern 
is divided into two principal halves. When it is moulded, llie 
panels, of which tliere are four to each half, are fixed on. WJieii 
the parts of the bo.v are separated, exposing each a half interior of 
the pattern, tho screws are returned and withdrawn, thus kjaving 
the frame of the pattern at liberty from the panels. It is next 
lifted out, and those being dia^aged from the sand by tapping, 
are likewise taken oat in ordeJP^ln tins way a complete external 
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ini)iil(iiug of the column is formed. The core, constructed upon ft 
sloiit har, is next inserted, and the box closed upon it. 

Ill addition to the foregoing examples, there are many others 
of ji more or loss special nature, so that the operations of green- 
s?m<l inouldiiig are generally recognised under two great classes, 
IjoIIow moulding and flat moulding. The fornier includes pots, 
fiying-jiaus, and every other kind of cooking ware, of a light, 
<lishc<l form. The latter class is very extensive, and is so termed 
ill oj>i'Osition to hollow moulding. It included all objects of a flat' 
nature, plate-moulded goods, the various parts of grate furniture, 
and olher ornamental work generally, stoves, smoothing irons, all 
kinds of machinery that do not fall under the head of loam or dry- 
h’Miid inouldiiig : for instance, all the cast-iron work of spinning and 
loom macbinery. 

Take, for example, the front of an old-fashioned register grate, 
which is a familiar insknce of light, flat moulding. Its construc- 
tion is that of two jambs joined at the top by a cross-piece. On 
i.iie back, or inner surface, it is quite flat, and is ordinarily orna- 
meiitiid on the face with raised figures of flowers, or the like. A 
box is seized that will receive the pattern, and have a few inches 
to spare, that the jiattern maybe completely surrounded AVitJi sand. 
The pattern is then laid down, either on the surface of the sand, 
]u ej)ai ed in the upper box, and which is then termed the false 
])art, which is lying inverted on the ground, or on a flat boftrd of 
.siiflicieid size to support it in all parts, as in Fig. 142a. In either 
CMS(‘ ilie pattern is laid down on its back. There is next thrown 
ov('r it a line sand an inch deep, constituting the facing of the 
moulding. It is passed through a sieve to detain the coarser parts, 
Tlieji upon the board, or upper box, which we shall call A, the 
drug-hox 11 is placed in its proper position in respect to the 
patt(‘m. 

It is necessary to spread the facing of sand before laying down 
the lu)x, as its ribs prevent the equal distribution of sand. x\n 
additional quantity of the common sand is passed through a riddle, 
which saves the small stones and other refuse in the sand, and the 
wlioh? is now rammed down by the flat rammer as equally as 
]u)ssiblG. This is facilitated by a considerable depth of sand having 
laid on, as inequalities in thei^ce of ramming are diminisheil 
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♦it iiicf' patterti. The box is again filled np 
sand all OTemnth the round-faced instrument. Wlieii 

. ths-safid is ptop^ly: set and squared, fim^ mth the surface of the 
bok B, Ihe whole is turned, over, .avoiding sudden sheiks of any 
kind, which tend to loosen the .sand, and well bedded on ilm 
j^iind with tha.l^x B undenne^ The box A, or the board, as 
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* it may happen to be uSed, is lifted off. nnd the temporary bed of 
tend in the box A is destre^ed^ The upper surfoces in the liox 1 1, 
and of the pattern imbedded te it, are cleaned and smoothed by 
the trowel, so that the surface of the sand k made flush with that 
of the: pattern all round, and also. teeej^\th6 isdgos of the box. 
iHiis ibr^ the parting, or pl^ of the sand in tbu 

two l^xiee|'-aud that thej|m*^^itB^'|^(i^'..8ep properly, diy 
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sea-sand is freely siirinkled oV^. tbe piudsng snr&oe, and has tiie 
elfocl of preventing tlie adhesion lowk layef. of sand to 
vvliicth is superimposed, by ^tsd^g and dt^ng its^res. Tlie box, 
u’liicb, when made up ^ ^ 

laid on the other, guided by tiiei.idhs, and .botb are" fastened, 
together by the hooks. In brlug^ 1i$ig<dber ibeir meeting 
siii'liiees ought to be cleared of:^nd ;B 0 aE.'Wbimk^^em bear freely 
and steadily. Prepamtions ane noar^mtvia for tlie con^rdetioa of 
tlie gates or passages for tbe iron from the externid. shrfai^ into 
the mould. In the moulding of a register grate front there are 
usually four gates g g, Fig. liH^, into which the iron is poured 
simultaneously. The necessity for having so many openings for, 
tli«‘ iron must be obvious, on considering that iron rapidly solidifies 
as it cools from a melting temperature, and of course sets in the 
lorm of the place it occupies. 

To provide for the gates to the moulding, four taper pins of vrood 
arc stuck in the sand of the lower box at a short distance from the 
jtiiilorn, projecting upward betwemi the ribs of the upper box. 
Sand is, as before, thrown into this box, covering ths flat side of 
the palteni, and is rammed between tbe ribs until the box is filled 
Hush with itself. The pins are now withdrawn, and the boles 
formed by them are vridened at the top into bell-mouths, to receive 
Iho iron more rapidly, and are well smoothed there to prevent the 
metal csirryiiig with it any loose sand. The upper box is now 
liilicn off with caro, to preserve the impression of the upper side of 
llio })altcni, and the edges of the moulding of the box B, in contact 
with the pattern, are wetted with the swab to make the sand at 
tli<!se cornera the firmer, and to prevent crumbling on withdrawing 
tlie pattern. Htill further to facilitate this, as the pattern fils 
clostly in its bed, it must be loosened before being dxavm>urblcb is 
simiily elToctcd by taMng hold of the pattern Uy> sharp point, if 
ol' wood, or by studs, which are riveted into dt when, <rf iron, and 
gmtly tapping them laterally and downwards. The pattern is 
next drawn slowly out. of the sand,, ancl it often oeenrs that tbe 
moulding is broken in one or two places in finite of these pre- 
cautions, and espocitilly if th^e he much carved or ornamental 
work on the pattern, !, Th^ Wa iherefrare, in the first 

I)Iace, to repafr the dwns^^ disjointed parts, and 
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making np fraclutes by the aildition of sand. * All the more pro- 
wd more exposed parts of the moulding, as the extremities^ 
iofiiie omanmnt8,,are treated with a touch ofihe Swab, which must 
be Ugiitly applied so as not to spoil their sharpness. This process, 
indeed, with that of applying the blackening, now to be descrihcd, 

the most difficult parts in the art of the flat moulder. Tlie 
blsickening has now to he appU^i and it must . he by some meiins 
pressed down upon the mould at every part, anil made to adhere to 
its surface. 'Jo effect this, peasemeal is used It is first dust(‘d 
thinly over the surface of the mould. It rapidly absorbs the 
damp of the surface sand, and is converted into a pasty mattei-. 
The blackening is next dusted over the newly formed paste, and 
over all, the pattern is placed in its position and pressed down. 
Thus the blackening is made as smooth as the pattern, and is at 
the same time held well down to the sand. Channels are now 
scooped out of the surface of the sand, joining the gate-holes to the 
moulding; and if the, pattern be thin, each channel is widened as 
it joiUjS the mould, to aflbrd a sufficient inlet for the iron. Ihey 
are slightly swabbed, round the mouth to strengthen the edges 
against the abrasive action of the iron. 

Having finished the moulding, and got it in order for the 
reception of the iron, the upper box is finally put on the under one 
in its place, and fastened down upon it. All is now leady for tlie 
pouring of the iron. 

Before dismissing the subject of light flat moulding, one other 
elegant example may be described, introducing the use of three 
boxes for a moulding. The instance referred to is the moulding 
of the cast-iron bushes, which are fixed into the naves of the 
wheels of wagons and other vehicles, to sustain the wear of the 
axles, 

A, Fig. 143, is an ordinary bush for cart-wheels. The dotted 
lines show the form of the interior, which is a tapered hole. At 
the middle of the length as shown, a chamber is formed in tlie 
bush so as to surround the axle — its Object is to contain the greaso 
for lubrication. These bushes are always cast in pairs, and the 
Clares for them are cast-iron pins, having tht, fprm of the axles for 
which they are intendah I'hese pins, which serve for many sue- 
C(‘ssive^ castings, are turned ahd polislied in the lathe, for the 
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j)urpo,se of commuiiicatiDg a sBH.oth surface to the interior of the 
hiislies, by which the expense is avoided of boring them out, whipb 
would be necessary were sand cores employed. 

The pattern of the bush is salid, and has, in addition, a core- 
jiriiit on each end to steady the Cdre. This is shown by a and b, 
Fi^. 143, B ; b shows the? core extended at the ends in corre- 
spondence wdth the prints. Rotinl the middle of its length a 
ihi(‘i'Uei:S of sand is wjuppcd to form the grease chamber in the 
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bash. This part is made of sand, so as to be separable^ and thus 
allow the core-pin to bo driven out of the bush when cast. 

The box in which the bushes are chst consists, as already 
mentioned, of three parts. The length of the middle part is made 
the same as that of the bushes between the small end and the toj)s 
of the feathers. The partd are octagonal in plan, as represented 
at C and D, Fig. Id^piere A is the top, B middle, C bottom. 

In proceeding to; fi^ciild pattern, a flat board is laid down 
level, with two holes iu .it l^itable distaiice from each other. 
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Upm tibis boArd a pair of bnsb patterns are set down on thoir 
; pints |«ssing through ths boles in the board 

steady. The ho^ B is wvorted and laid down 
'oyile/.^m.' and filled wth s^d, wbidii .is. rammed about tbo 
level with the top of .ibe' ^thers on them. The box 
Jpl is. liow fixed oh and sand. E, Fig. 143, k a 

.seeiipnal visv of the ^xp mid pntehts at this stage of the 

.process.,, , ... ' ‘ 

, The t^d.boxes togeth^,'«» ^vrated and set down, the box A 
is fixed on .lire unpr«i)^,>i]ud it likewise is rammed flush 

with sand. Two^h^]^ tire hpt pierced downwards in the sand 
with the handle .i^ -ramraei; 5 >he on each side of the patterns. 
One of them ptends jhrt throngh the box A, and the other reaches 
down to the box Oft; <^d B are lift^ together off C, and turned 
over, the .p1j|ierhs, .lobbed by tapping, are next drawn out. A 
and B are thwJssparsted. Two prepared core-pins are next 8(3t ius 
vertically as posedble into the recesses left by the prints in tin! 
sand of the. lowest box ; on the surface of the sand, at each end 
of the box B, channels are out joining the gate-holes, made by 
the rammer to. two mouldings, in sneh a manner that the 
short gate will he connected with the upper end, and the long gnh; 
with the tinder end of the mouldings. B is lowered over the con s 
and fixed to C, being directed by long guide-pins at the side. A 
is next replaced^ guided also by pins end fixed to B. It must be 
placed with care, as the upper ends of the cores are at tbo same 
time entering, the ^pesses made by the prints, and thus the cores 
are secured between tl{B boxes A and C. 

The mpnldi^, at F, Fig. 143, which 

maa pt^bal the interior arrangements 

■in dotted' lines. )14S,'i8 a riew of the upper and under 

ends of the middle hon', ’liibwing the gate channels. The iron is 
.pured into the long j^te,.fiilHng sgaiust the bottom of it, Ihe 
ioroe of the iron is broken, and ji.mns' gently into the mouldings, 
rising within them till they are fil!^ wben .it passes into tlio 
sboi^.fipw gate, as it is terinedi froin, carrying off 

the ref^ b may have gathered ik ^w[Ke. Blackening is 
uc^ appij^.rto these moulds, h8:'.|||^:M@Pms8..i6 of no cuu- 
se^neaS6e/j"-^'- ' ■ ~ ■ 
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The practice of hollpw mqnlding lalU now to be described, 
that brunch of moulding na^tally precedes, in order of 
tion, the heavier species of greo!i* 5 and moulding. . 

The distinct objects of lMdloinr:.mouiding are comparatively few 
in iininber and small in dimension^ ; tbefe are moulding boxes for 
t.lioui, individually of corres^nding ftbape, gmier^ manageable 
by one person. Boxes in twOj'thr^e, or four ports are employed 
as the necessities ol the t;|UJe , niuy require. We "shall select for 



B 



D 



Fia. 144. 


example the moulding of a three-legged pot, shown at A, Fig, 144. 
'I he body of it is neatly spherical, drawn in at the neck and open- 
ing towards the brim. ' It has two ears at the neck, by which it 
is moved about vs hen in use, and three feet oh the bottom. The 
jiattcru is an exact model of the pot, being in two halves sejmrat- 
ing vertically. The pattemS of the feet and ears are also loose on 
t ho body of the patt^^tKng hi it, by pins. To form an original 
pattern, the plan' of moulding in loam, 

which will be undertto^faiit^'^ to describe this brunch 
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of tho d.rt» tbe mean time it is suffieient to state tliat tlio 
1^ east pattern is chucked in the turning lathe, and tiiriu d 
atid without to the required form and thickness, in doin^' 
Which it is facilitated by boring tour longitudinal rows of small 
holes through the pattern at equal distances round it, by which 
its thickness, at any part may be always ascertained. Having 
been smoothed and polished, the pattern is taken from the chuclv 
and cut in two equal halves, ih which holes are bored in the 
proper positions for receiving tlie pins of the ears and feet. 'J’l)o 
pattern is moulded in a box c^sisting of four parts, named tlie 
top, marked A in Fig. 144, the two cheeks, B C, and the 
bottom, D. Tho.divimon into p^ts is the same as that of the 
moulding box for axte bushes last described, supposing the middle 
part divided vertically in two, corjMponding with the cheeks B C. 
The pattern being moulded in ai^yerted position, the top A is 
made to enclose the bottom of the pot, as far up as its largest 
diameters ; the cheeks B and C enclose the remaining portion ot 
the pot, and the bottom D serves to close up the mouth of it. 

The two cheeks' are first laid down on a level hoard and linked 
together ; the pattern is then laid down on its brim within tho 
cheeks, being raised off the board by a slip of wood, of which tlie 
thickness is adapted to bring the largest diameter of the pot to 
the level of the upper edges of the cheeks. Tiio patterns of tlie 
ears are atiacheJ, and sand is rammed in round the pattern fliisli 
with the checks, making the parting surface on the centre of the 
}X)t. The surface having been sprinkled with parting sand, the 
top A is put on, led into its place by guide pins and fastened to 
the cheeks. Sand is again rammed in to the level of the mouth 
of the pot. ttie patterns of the feet and the gate-pin being set in 
their places in the course of the ramming of the sand. Fig. 144, [>, 
shows the position of things as now described. The whole is next 
inverted, and tht^ hoard and slip, of wood removed. Tlie surface 
of sand round the brim of the pattern is smoothly sloped ofl* to 
the edge of the box, forming the parting surface, and the bottom 
D is fixed on. It is also filled with , sand. ,, ;The body or core of 
Bixnd tilling the interior of the pattern, ia 'pjj^ed in several places 
with a pricker sent down to the pat|eEti^ fprpiing ft chanii(''s 
of escaiie for the air expelled by th^»^rm The \\ho{<j 
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IS filially inverted, D lyin^* uppermost, and placed on a flat toard,,. 
Avitli a hole in it to allow the escape of the air* The sand outnK^ 
tlie pattern is sometimes pricked, though this is but of 
importance. 

The part A is now separated and lifted ofii caiTying the feet 
and pin with it. The cheeks, B C, are next separated liorizontally, 
hiking the ears with them; and the half-patterns are withdrawn.- 
from tlie core. The external and internal moulds thus exposed 
are sltifdced uj) with appropriate tools, and blackening is dusted on 
them and also sleeked up. The patterns of the feetnnd ears, and 
tlie gate-pin are drawn out, the boxes B 0 are replaced exactly m 
before, and the box A above them, the whole being again bound 
together. The mouth of the gate is next formed and smoothed. 
The space occupied by the pattern is now vacant for the metal. 
Fig. 114, C, is an external view, and Fig. 144, D, a section of the ,, 
box and moulding. In the section are shown the parting surfaces,^ 
and the slope of the under one. 

All dished utensils are cast with their mouths downwards, and, 
in some cases the area of tho mouth is so small when compared 
with the largest diameter, as to render it necessary to hind down 
the coie in the mouldings. For it is very evident that the iron 
1\ iiig so far in below the 'core, it tends by upward pressure to 
lilt the core from its base. Such a result would, of course, spoil 
lh(i oa-ting. This binding is requisite in kettle mouldings in 
particular. It is simply effected by burying an iron rod in the 
coie, having on it a cross at the end to give it a hold of the sand, 
the outer end being locked to a transverse piece wdiich hears on 
the edges of the box. « 

The metal requires to be at a higbr^^l^perature for |||pow 
moulding ; for so quickly does it cool that fiae brim of a 
size pot sets oven before the mould is filled. "While yet red hot the 
casting is taken out of the sand and the gate piece knocked off. 
4'his must be done at a certain stage of the cooling, as when too 
soon done the gate does not break clearly off, and when delayed too 
long it often carries off a piece of the bottom of the pot with it. 
^^'ith a view to provide against this, the pot is made considerably 
Ihickerat the centre- of the, bottom,^ Flat gates are formed for 
Hat bottomed ware, fryihg-iy^S example. They are wide at the 
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« to reo^iye the irc^n the bettor, biit. taper like a wed^ze towni d 
^uldmg, so as to be easily eepirat^ ixou^ the casting. J>y 
of condiderable extent, flat gatee conduct the metal luoie 
y to: the different parts of the mould, ; 

. * A great improyenient was effeeted in this class of moulding l>y 
; the a^bangenmn^^ introduced andjemployed by RJobson, especially 
4wbere a larjge number of castin|jS:^re .required from one pattern. 

. In Mr, Jobson’s process of moulding, after the pattern has been 
first partially imbedded iji the'ssmji of the bottom box as in ordi- 
nary moulding, shown at' A, Figrl4r5, and the parting surface lias 
been accurately formed^ th^ top is then placed on, and is lilled 
with plaster of or other similar material, to wljicli the 

])atterii itself adk^fj^’. When the plaster is set, the boxes are 
turned over, the aja^^ carefully taken out of the bottom box, and a 
; similar process reputed with it, as,a% B, Fig. 145, using clay-wasli 
^to prevent the two plasters from adhering ; this forms a coiTespond- 
ing plaster mould of the lower portion of the pattern. 1'he.so two 
plaster moulds may be called the ^ waste blocks,” as they are not 
used in producing the moulds for casting, but are sub.scqu(‘iiily 
destroyed. 

Eoversed moulds in plaster, as at C and D, Fig. 145, are now 
made from these waste blocks, the pattern being first removed, by 
placing upon the bottom box a second top box, an exact du])licato 
of the former top box, and filling it up with plaster, having used 
clay-wash as before,- and doing the same with tlie other box. 
Ileversed moulds are thus obtained, from which the final sand 
moulds for casting are made, by using them as ‘‘ ramming blocks,” 
upon^hicli the san4 for js^ng th© tnould is rammed by placing a 

Fig, 145, upon the ramming 
blo^and a correspdnm^g box, as at E, upon the ramming 

^ block* V . 

The requidte gits, or gates, lunners^ and risers, are formed 
previously in the original sand ifiould, ajud are consequently repre- 
sented in the, ramming blocks, D aUd E, by corresponding pro- 
j^tipns or ribs upon the parting face of the ; an^ hollows in 
the oth^, which are then stopped n^j|f|kh pl^r, imd . these arc 
p^per^y repeat^ in the Sml F; these last 

therefore, 'When put; together, for casting. 
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I'nsi. lil^e an ordinary sand mouldy as at G, Fig. 145j 
,<()!no important advautuges^ ..•."•v* ■ ; ' 
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Auj uitt'rftber irf succeeding moulds can be made from the origiiuil 
by the simple process of rtunming, without uiy 
pattern or turning over tho boxes, both top and 
^!bi^bm^;;;ixio^ds being rammed i^^p^dqntlj and at the same time 
‘ The. parting being once accurately formed in the 
orinll^ mould, all the succe^ng. ones ate necessarily correct, 
wJ®at any farther cave being re^'iired ; and by carefully trimming 
the original, and by slightly pa:rag down the inner edges of the 
parting, faces, if requisite, the faces of the final sand moulds Lave 
a corresponding fulness, and aro readily adjusted, after the iij-.st 
tvinl, to fit so eWely together, that practically no fin is left on tlie 
castings. Also thd'toour of forming the gits and runners afresh 
for each casting avoided, by having them complctcdy im- 

printed upon eacfeS|feid in- the process of ramming ; and by tliis 
means all risk is aVbi^d of imperfect castings arising from want of 
uniform care or judgment in the formation of the gates by the 
moulder in tbe ordinary process. This is the more important in 
the case of difficult castings, where several trials may be requiivd 
before the best mode of running the metal is aserrtained so as 
to ensure sound, good castings ; and by this process the exact re])e- 
tition of the same plan is ensured, without requiring any further 
attention from the moulder. 

' A small hollow is imprinted in the ramming block for the top 
Dox, into which the plug for forming the gate is rested while the 
box is rammed, and by this means tho gate is ensured being formed 
in the right place, without any caro on the p«jrt of the moulder. 

The process of moulding by this plan is so simple and certain, 
that ordinary labourejn|jgj;g quite sufficient to make the best castings, 
as they have nothing^H ramming the sand upon the two 
blocks in each case, the baedc and front of the pattern, and 

patting them too ether without having to pay any attention to 
thp parting gates or runners ; and also it is much easier to lift 
the boxes from the blocks when rammed, than to pick out the 
pattern from the face of the mould as in the ordinary process. 
The ‘whole being in one solid mass in this plan, it can be lifted 
Jteftdily, with less risk of injury to the sand mould. 

' like pattern is long and ^^ihiii and ihtrlclite, as in the 

case of im:Ortiamcntal/f^derrjfc^'^^^^^ surface is 
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ftlso curved or^naing, as in Fig. 14^}, the difficulty of picking 
out tlio pattern from the mould is so great as to require the most 
sldliiil worlvmeri, and the length of time required for repairing the 
iTi jnries of the mould causes about eight of fender castings a 
iliiy to be the general limit to the number that can be moulded by 
3Mi]i man and boy. But however difficult, the pattern may be to 
mould in the ordinary way, if it is arranged to ‘‘draw” properly 
iVoiu the mould with this process, the labour is very little greater 
chnn with an easy pattern ; the saving of, time is so great that as 
nuiTiy as thirty a day are moulded on an average by one labourer 
and a boy, being four times the number that the best moulders oan 
produce by tbe ordinary plan* 




£'ia. US. 


When the pattern is slender and long, it is liable to be broken 
in Wu) frequent handling to which it is subject in the ordinary pro- 
cess of moulding, and the expense and delay, paused by the breakage, 
of j)atterns is of serious consequence in light ornamental work* 
wli(;ro the patterns are often very expensiye; but in this plan such 
dei'oets are entiredy avoided, the pattern is never handled at all, 
ex.^ept by the ordinary process of moulding tp form tbe ramming 
1, locks. 

When the face of the castings U neqnired to be particnlarly well 
fniished, a brass or other metal pattern "is made, and is dressed up 
mid linisbed to the degree that n^y be reejuired in the castings, 
and any chasing or ether additiS^ ornament put. upon it; then 

' ■■ ■' •• ' 2 0 
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after remaining Week for tbe botio^liox by a plast(!r 

,^fefroto tbia patten^ Uie manner before described at B, Fi^. M6, 
l^ttera is from, the permanent face of the ramming 

box, A, by leaving, it in the mould wlien the 
is ]^tired in, so that, the- forms' merely the 
faep and a solid back to the patitdttL . In this case the iron pattern 
is ai^rod to the cross-bktsGf the box . by .several small bolts screwed 
np to plates at the back of thf box, no that when the plaster is 
poured in, filling up tW whole ya(Cant space of the box, and seitiiii; 
solid round these bdts and these nuts, the iron pattern be- 
comes SQ firmly secured in the box that no ramming or moving it 
is subjected ;kp afterwards haS any risk of loosening it. 

In this plan mould for the face of every casting is harmed 
from the origil^l^l^tal pattern, and the pattern itself is firmly and 
permanently seeSh^ Sn. the plaster lied, so that however thin and 
delicate it may he, there is no risk of injury to the pattern in 
mp^Wing any number of castings; as many as 3000 have been 
ca^^B^ithout injury from a slender ornamental pattern. 

In forming the ramming blocks, common plaster of Psjris is 
most generally employed as the most convenient and cconomiijjil 
material, and this is found to be sulliciently durable for genenil 
work. The blows of the rammer are deadened by the sand in the 
box^and do hot fall directly upon the plaster block, so that 
is no risk of injury, with ordinary care in ramming. As many as 
4000 castings' have teen moulded from one pair of plaster blochs ; 
but when a. greater vinmuber of castings are required to be moultlod 
from one pattern, or when the size or nature of the nioull rciulers 
a harder face advisable; a metal face is employed for the ramming 
block of the bottom fcr the parting surface of one or hoik 

blocks. This is, fofii^d":e}mply by running into the mould, when 
prepared for the plaster, a mhaH portion, of metal, consisting of zinc 
hardened with about ouc^fifteentk part of tin, sufficient metal being 
' «|ed to form a strong plate, tot? tiie surface of tlie ramming bionic, 

■ ; the i^t of the space ak"l^;;,back filled wi^ plaster as usual. 

In practice it is more couvenifeht generally to reverse the mode of 
! runnh^g metal for the .of; the mould by first ramming \he. 
Jiox^ for the lilting ii off, 
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Bucli depth, abotit' three-^ghths of an mob, as may be desired for 
llie metal, and whdn the box is replaoe^ .in its former position, the! 
metal is run in, filling np these spaces wWe. thousand has been cut 
away. The sand in tlie upper tex at the of; the metal face 
is then all removed, without a time if 

requisite, and plaster poured in fd)0^ loi and.make 

a solid back as before. ' 

The metal face is firmly .aecured. to £b& ^ck by several 

small dovetail blocks cast upon tlm; back of ^ by cutting 
out corresponding holes in the sand mohld fa^foio^ilm metal is run 
in. Various modificaUons of this plan jof co]3struq|aon are em- 
])loyed, according to circumstances, for economy dr c<mv©nience, 
and sometimes the face of the ramming, blocks is ^My covered 
))y separate pieces of metal ; but in every case the entire face of the 
t\vo ramming blocks forms a perfect Counterpart of the intended 
casting, surrounded by parting faces which exactly fit one anotb|r, 
because the one has been moulded from the other. 

Wljen the pattern is long, and a metal face is employed, a 
narrow division is made, subdividing the rqiotal face into two or 
more lengths to ^^allow for the shrinking of the metal forming the 
face, tlio effect of which is then found to be imperceptible. The 
])lMster-rammiug blocks are varnished, when dried, to preserve them 
from damp, and in moulding from them the faces of the blixsks are 
dusted witli rosin, to prevent adhesion of the sand. 

Jobsoii’s process of producing the blocks, though somewhat , 
complicated in description, involves practically but little increase 
of work over the process of moulding required for the first casting 
j)roduced by the ordinary method^ but every subsequent casting, 
instead of requiring a repetition of the whole process of the first 
moulding, as in the ordinary method, is' moulded by simply ram- 
ming the boxes upon their respective blocks, , ■ 

It has to be noticed that in the ordinary pkn of moulding, and 
by the odd side and plate, , methods; caie side of a. pattern is not 
available while the oth^ is in use, ! ;By J6b|win*^ process each pat- 
tern is equal to^two^ as it wiU e^deht liiat both blocks may be 
wwked from at tlie same time. . \ 

The gates for any for particular care. 

In the language of the flnid. 
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metal into the, mould fere called “gates/’ each which, however, 
has its own p^uliar name; hence the large opening into which 
the metal is first poured jis termed the pouring gate. The recess 
helow, or in connection with the pouring gate, ihr skimnung tlio 
iron, is te^toedria skimming gate ; the little passages from the skim- 
ming gate to the mould are spru^ gates, usually “sprues” only ; 
fend those openings by which> the ^pply of iron is kept up after tlio 
casting is poured are called feeding gates. 

The form, si?:e,.humbei:, and proper arrangement of either or 
all of these have,^a decided effect upon the soundness and clcarmess 
of the casting to, which they appertain, and should he arranged ns 
to size and position with especial reference to the sizes, shape, and 
, character of the work in hand. 

Most of the ioUbwing remarks on gates are from the pen of 
E. E. Watkins, whoin we have before had occasion to quote. Tlio 
pouring gate, being the principal entrance for the iron, will ho 
noticed first. When, placing this, it must be so arranged as to 
admit the metal to fell parts of the mould at nearly the same iiine, 
hence its position must he central, or nearly as central as the nature 
of the work will permit. 

Its cross-section should be circular, for the reason that this 
form presents the least refrigerating surface for a given area, hcMice 
it is bekt to retain this' form thronghont as much of the length as 
possible, wbat^jver its form at its junction with the casting. Tlicrc 
are c^es where this form cannot he retained, especially in some 
classes of loam work ; still it should not he deviated from ii‘ at 
ali possible. arrow flat gates are the wor^st of all possible 
forms. 

The proper diameter for gates of this class should hear a 
certain ratio to the refrigerating snrface of the mould. If they l)o 
too small, the casting will suffer; if too large, unless intended as 
ekimmors, there is a useless expenditure of iron. It is almost iui- 
.possible to lay down an exact formula for this orifice. Iron in its 
molted state will necessarily follow the Ifews governing fluids ; hence 
the usual formula fur asc(*rtainmg the diameter 6f fepipe for a given 
ilisehargji will atiswer in this case also; a constant must, however, 
be included for eaclj square foot of mould erea or^ cooling surface ; 
for, taking Qie of a stove-pi&le unji; a j^Hd.batl, each weighing 
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one liundred pnn 4 s, it once apparent that the stove-plate re- 
ipiires a much larger gate area than the ball, or the metal would 
1)0 so much impeded by its' friction through the passages as to lose 
its heat, and run thick over the cxtenare snrface. presented by the 
one as compared with the .compact of the., other. F<jr stvall 

ensiings it is probable that little .a'tt^tioh wQaid be, or indeed 
1100(1 be, paid to fonnulse if they did exist, bat in onnfa'ngg of large 
single-loam work especially, its ccmvenience/wohld b^me at once 

I'or some classes of work it becomes neces^pltty.^lb^ pafticnlar 
1 liat none but clean iron enters the mould,; attoin this end 
skimming gates are employed. The forms of ttiese are various, 
yot when the monlder once understands the .principle, 6 f their 
o])eratiou, his judgment will at once enable.'^him, to design any 
srylo that would be most likely to me^ his particular case. The 
luiiiciples usually employed are those of speciiic gravity and cen- 
trifugal force. , , V 

To attain the end by specific gravity, the pouring gate is made 
of much larger area than would be necessary if it were to be 
omiiloycd as a pouring gate only; the orifice at the junction 
witli the mould is not, however, increased above that required for 
llic ordinary pouring gate. The metal having filled the gate, the 
small orifice info the mould throttles down the flood,- all(#vving time 
for the liglitcr material to separate from the iiou and ascend to 
ihe snrface of the gate, where it will be found after the casting is 
p('ur('d. 

The centrifugal-force principle is employed by forming a 
cliumher between the mould and pouring gate, to both of which 
if. is coaiicctcd by small channels or “sprues.” The shape of 
tliis chamber and arrangement of the sprttcs accpthplish the whole 
end. . . , ' ^ ' 

In one manner of employing this' principle the chamber or 
skimming gate is formed by moulding, %,ba|l eqnally in both cope 
and drag ; the sprue from the popriog is then' led into it at a 
tangent to the outpr ^ge or circumfetenea,; The sprue to the mould 
is taken out radwdly |rom the tffia. , "jljji. is best to take the sprue to 
tlu^ mould, out just^at the back ^rue from the, pouring gate, 

that the iron apiyrtrayM af the chamber, before it 



390 AJTO CASTlMa. \ . 

is dra^ off, ifi poenUo. Xi becomes ^^M>piparent that the 
' /.metal enteting icam ^ pooling g(vte m ihiciwo violently agakist 
'^e '^idis of the dbamber, wHeh from , ite shape imparts a rotary 
'/ ^p taoli''tlidreto, and the constant supply of metd canses the iron to 
UtaSp'i^^' Hsalf a arapid Bp||pdlng. motion, wh^by.the heavier body 
'<iton)'u thtown to the oniwd, where it is drawn, off by the sprue, 
. ,and-the lighter body (dross)'. |s forced to the ceniare, where it re- 
y T<drB8 about the t-entrsl axis.. ^ . 

.It is, ^ cooxs^ necess^ all the sprues to the mould be 
taken wni ^.^e^glrag side ^ the flask, while those from tho 
pouring g^^fi^'l^-tjthfir in drag oi'cope. It is not important 
that only.dne tie led from tho chambw to the mould ; 

a number mayjk^iii^ti^t^ed if the nature of the work requires it. 
It is essential;.iu|^p^, to; have the sprues to the mould of less 
area than ^qsei frsE^ the pouring gate, that they may act as a 
' chwk npiim the fluid irdhVand give time for the foreign matter to 
separate; 

Feeding gail^'are employed in large castings for the purpose 
of supplying iron taken up by the casting in shrinking. Their best 
position is undoubtedly over some thin portion of the casting likely 
■ to be- injured by the shrinkage strains, because the hot iron being 
supplied^to that point the longest, will enable the strains caused by 
dt mass in cooling to adjust themselves without injury 
to'the weaker! pMt. , 

More than one l^ing gate to a casting is unnecessary, for the 
reason that for every .gate added the feed is correspondingly slow, 
and the orifice motfe. likely to dot iip. To secure a clean gate it is 
necessary for tlm fred to be more rapid, necessitating the constant 
snpitly of fresh If,! however, two gates be employed, the 

feed is only halfips fast s# with, one, and the opening will chill up 
in half the' time. If flbree gates he twd, the food, in each will bo 
•, reduced to one-third, and Ihe flMofllty of keeping the gates opened 
A ..wifl be enhanced three timM, tod, M .on'fl^ each additional gate ; 
i -and when the, gates am knocked off/a hlei^sh in the form of a 
? • ih^kage hole will be found at ' Toot m owing to the 
dtihing np the gate befotisaU tl^ supplied. 

.'This' wiQ'.not.te. ^ when onlyt’Cha’ on t]iat 

tbfc' Sies place, 
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and tlicrc is no fortlior io strain after the gate Ijas chilled* 

11 a blemish of this sorfc^l^ ;<G)Cdur with one gate, it is because the 
loj'ding had not been properly iltend^ to, and the metal was 
allowed to get so cool before the .hdt, iron, was added that the end 
ill view was defeated, V . 

Shrinkage holes usually occur be^wi^.gate, and are explained 
hy the walls of the gates chilling tlie contained therein before 
the mass of the casting had eeased sk-inking* As the gate chills 
fnun the sides and top, it may be likened to. a, capped pillar, the 
ceulnil part strained away. The top of the gate h^i%. expose to 
ihp almosphcre, it will chill most rapidly from ihe lii^ toward the 
bottom, therefore the softest mass will be that nearest the casting 
and that part it is that will supply the shri^^ge required by the 
(M.-ting ; hence a cavity is tlie result ' ‘Jp 

Tliero are several points in the pmcticeof gteen-sand moulding* 
.g(‘n(‘nilly, to which great attention .must be paid. In the pre- 
ci'dihg account we alluded to the necessity of the sand being 
rammed as uniformly as possible. Now it may be rammed too 
( losoly logethcr, so as to impair its capability of eondneting away 
the coniined air and the gases generated by the heat. There must 
h(‘ a degree of ramming applied proportioned, to the heaviness of 
tlio casting. If the sand be too closely rammed, the current of iron 
flowing over the moulding is agitated by the air not being alipwed 
to pass freely off. In consequence it breaks up the sand, and 
heaves it to the surface, and it is easy to see' that this produces 
( xcj escenccs on one side of the casting, while corresponding defi- 
ei(meies exist from the same cause on the other side. If, again, the 
sand be too loosely rammed, the iron by its weight presses it 
outward off the moulding, which renders the surface uneven and 
swells the casting. Bloreover, a certain degree of humidity in the 
sand is necessary for the goodness of the casting* . When the sand 
is dcliciciit in moisture, the iron is apt to, penetrate its pores on tho 
under surface, and co detach the partudes of sand there, producing 
an effcot similar to that occasional by over-ramming* On the 
contrary, if there bo an excess df Jbmpness in the sand, the iron,- 
by the sudden formation of ague^ yapour, is frequently repelled 
altogethia:, and ejected at th6^^j^i||^0#hot, Should this not take 
place, though the iron naay the mould, the 
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bubbles of vapour forra cavities in towards the nn(L'r 

side principally, as tiiis side bears aU';iW;inn of tbe iron ])aHriiji'; 
over it, and is thus mote severely^ tried than the upper sidc*, tlio 
iron rimply rising to that side, and is there at rest. Excess of 
dampness, and of over-rammmg, are thus nearly alike in tlicir 
' effects, and are the more :dangerott8 extremes. In cases of very 
large castings, if the air expanded by the heat and the other gasc^s 
generated do not find a tisady vent, they burst through evory 
resistance with explosive energy. 

The (juantity blackening to be applied must also be of a 
particular <]^lity. In, noticing, in a former chapter, the nature of 
blackening, and the manner in which it is operated upon by iluj 
iron, reference waa made to the continued evolution of gas by com- 
bustion.. If theu^l^^e action of the iron upon the blnekeniiig 
in the mould, too tciich gas be formed, it collects in globules, and 
forms corresponding indents in the casting. The skill of the green- 
sand moulder consists in so laying on the blackening as to produce 
e*iuilibrium between the antagonistic forces of the iron advancing 
and the resistance of the g^s produced. After having been ])ressf d 
down by the pattern, the loose blackening is rul)l)ed off and blown 
away. When this is not attenchid to, the blackening is raised iu 
layers from the surface by the iron, and deposited iu other positions, 
giving tbe casting when cool a rougli clouded appearance. In 
forining tbe surface of the blackening upon ornamental moulding, 
by pressing down the pattern upon it, care must he taken to 
have the pattern perfectly dried before being laid over the black- 
ening ; for if at all damp, this will adhere to it, and take tlio 
poasemeal with it, and so destroy the moulding. And evrn 
though it be quite dry at first, yet it may, by lying too long in the 
sand, contract damp, and so spoil the mould. Swabbing is to he 
avoided when not essentially necessary, as the formation of vapour 
by the contact of the iron with the water is, as before noticed, ajit 
Iv to agitote the current, and to make the flow hrcgular. Tlie object 
of fdrming the gale to one side of the moulding, is to check the 
. ^violence of the iron in motion, and to introduce it with regularity. 
‘ .Wer© the gate formed directly over the moulding, any delicate 
ornaihental work would be worn, off by the continued ac^n of the 
iron, though certainly it may be so placed if the moulding at that 
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p.iii be plain. AVe the necessity for a number of gates to 

1 lio moulding. The ntiufi^r of these varies with the extent oL the 
surface of mouldings in gehe^i/anS also according to their thick-r 
nesa. A comparatively deep E&otidding might be well filled by 
only one gate, whilst another of jnst the .same horizontal surface, 
but shallower, would require two or more j^tes. In short, there 
must be as many gates as are Veqtiislte to ensure the metal's having 
thoroughly filled the mould when liquid. The iron therefore should 
be run in as (juickly as possible to fill the mould completely, jind 
<ljis is especially to bo attend^ to in cases of light, flat, and hollow 
mouldings, as in these the extent of the cooling surfhee is great 
compared with the depth or thickness of the iron. 


Heavy Green-Sand Work, 

In taking up the subject of heavy green-sand moulding, we 
cntcT upon an extensive field of practice, and it will ho necessaiy, 
Its before, to select such examples as appear best adapted to present 
fair gHiKTal views of the 8u!>ject. 

Ill connection with some observations on the practice of green- 
.'‘Siiul moulding generally, stated at the conclusion of our notes on 
light flat moulding, we must here remark the introduction of anew 
element, namely, powdered coal, into the sand, in a state of simple 
mixture, its olFice, as before remarked, being to assist the blackening 
ill resisting the penetrating action of the iron. As this action 
(ixists just so long as the metal continues in a liquid state, the 
blarkeniiig alone proves sufficient to resist it in cases of light 
mouMing ; wliereas in heavy mouldings, there being a much greater 
body of mental together, its temperature falls so much the less 
rapidly, and it of course continues its action as a liquid for 
a longer period. Consequently coal-powder in addition becomes 
necessary to withstand^ the attack of. the iron. But, further, tlie 
])roportion proper to be mixed is a matter of considerable nicety, 
and is dcptiident on two circumstances: first, the length of time 
that the liquidity of the metal continues lias a simple relation to 
the biilkiness of the metal; fondly, the temperature of the metal 
oil being poured into the m^ld dbes proportionally iiicrc^ase or 
diminish the original inteiisity of {l|e\acti^^ on the sand, as well as 
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, f 

afiect tidjMtment of this 

poiat mni^. tii& leSi io skill of drived from Lia 

preyipTO tsifiei^eiicd. ;%■. . 

,, A redtiiidaiicj'.of coal in . fke S^i;; jendew the surface of the 
jiljstiag form^ in it faint; oatlines are imperfectly 

'dereloped, or, to use a^in tbe,J|i.n^^ge<rf.,the moulder, the ciistin-j; 
is not sharp. This is the and bh.vious effect of the repclleuf 

. jiower of the superabundant '|^ .j^enerated hy the heat from tlie 
co^. On the contrary, a defici^Ji^- of coal proves equally hurtful to 
the quality of the castihi^ as t^ gas produced from it is too weak 
to maintain the welbhaWced actioinof the opponent forces. The 
iron having burnt through. 'tlm. hlaoheniug, penetrates the sand, 
which at the sur&ps beebnies incorpeoated with the metal, ami 
produces therefor^ s? peculiar roughness on its Arface. In order 
to make the oosthoig ip ihb meet proper inanner, the sand and coal- 
powder should be, mixed, rot only in a proportion suited to the 
body of the msial to be cost in the mixture, but also as uniformly 
as possible, ■ , 

Peasemeai 'Is not generally used in the ordinary flat mould- 
ings, its object being to hold down tlie blackening applied to 
mouldings of on intricate or ornamental character. Now the 
parts of machinery generally haya their surfaces plain, which 
ore therefore oasily ^‘oessible to the trowel and sleeker. 

For large castings, the bed of sand which forms the floor 


of tlie foundry , is commonly used for constructing the moulds, 
serving thereby the purpose of the drag-box. The chief defl'ct 
entailed by this meth^, which is indispensable in some cuse.s, in 
that tlie moulder ban ^O woii:,.itt'n-y«ry uncomfortable position. 

Fig. 1 of the m.C()|npbnyiBgTPlbib m an external view of the 
bed-plate, showing the lippw .'wir^e bf an early form of high- 
pressure engine, by no mecdis tp.he imitated, but merely 

.'j^yen here for illustratiot^;'^.it ^^^arr^ed to maintain six 
' c^Iiunns, surmounted by an ebta^iEi^ure.;^ , At one end, b, a flat 
',ferm. for mppOTting the cylini^.^';^il(^tMa^ tte plate, stiffened 
!•;% a deep flange at the edg& ' i-' - 

V . ,;i; It is ^ general practice in f(8)(^c|r^|o of the moulding 

%bsb parts of the 'casi^ig^^^l^^is{ wbi^ the greater 
exists way greater 
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fii'ciirity is found foir tlie'^u^dnoss of eastings at the more im* 
l>i)rtant parts. ■ 

Now the bed<plate opcn on thd 

under side, as may be si^ 4 ; and this 

is particularly the case in tt .DUght tilrerefure 

lo bo cast with that side 
sLatement. '■ . 

For reasons which proceed, the 

pattern of the bed-pkte,''of'®TBtne ;fcirtn eect«^^ ncit made 
ofien like tie bed on the und^r Bulfaib& . Neither are^ the oblong 
blank spaces, shown in the sid^, eEboul^ m thepatt^; its cross- 
section at every point is a four'Bidglf ’ti|ur& Thisfonn of pattern 
in tie sand will, of course, lasted plain c^bQ Space of the same 
breadth as itself. Cores of sand, of the form of the internal void, , 
must therefore be introduced into the moulding to complete the figure 
( )f the casting. Fig. 8 exhibits the unddi* side of the pattern. At ‘ 
a the patterns of the steam-ways are placed. They are not fixed 
to the surface on which they stand, but are simply prevented from 
f-hifting laterally by small pins or snugs. They are made solid, so 
that they too, like the plate itself, require to be cored out, and 
accordingly tbe prints for seenring the cores in their positions are 
added to the patterns of the flange, which itself is attached loosely 
to the pipe patterns. On the opposite side of the main pattelh, 
prints are likewise fastened to receive tho; cotes for the column. 
(Sockets, Fig. 7, and to the snugs, s s, ete.,‘ to core out the holes in , 
them. ' ; 

A level bed in the sand upon the floor, of- sufficient extent,>:is 
in the fir4 place prepared for the pattern^ is theu set dowQ - 
iqiou it and well bedded in its place, #hit£ ' is 
given to it over the s^aCS; the object b^.ng;tu, 
impression of the under sprfaoe of ^e.^tt^v^'^nd’k '^rtl^ 
laid in and rammed about the.pattem.^.iu} flde^ ^ it’^ biou^t 
np flush with the upper side, formii^ii^^iljw'^^’lftrting surlaoe, 
on which the parting sSind is 8trewei'’;?ISfKV'^ . ‘ , 


The next stage ^ or boxes 

over the pattern, a^ to %. stakes of wlkhI 

driven into the floor,' wlut^.alsog^i^^io.i^lS^'' accurately 

when moved. If to embrace 



ys.y) FOUNDING AND CASTING. 

the whole of the pattern, two or more sparfl^ir boxes are placed end 
to end over it, r^tjng upon the saui^^nal to the moulding, »Tid 
answering the purpose of, a single'^ The ramming of those 
l^xes is; conducted in thefisu^ manner, except at the end A. 

, = * ^ 35ere it is evident that^af the.j^atform or cylinder plate is now 
on the under side of ^ body of sand filling iho 

space immediately above! ft of the upper side must bo 

lifted out to get the j^ttWnj r^pv^ At the same time, tho 
weight of such a deep bodjr jif aahid adhering to that in the ov(!r- 
lying box, would overcome i^ir cohesion — it would break away 
altogether. As the. box w therefore incapable of carrying it with 
it, it becomes necessary to have this load* of sand suj)porled by 
independent meati$^ ‘ * 

An iron frame is cast in open sand of the same form as tho 
sunk space, but somewhat smaller, as allowance for the contraction 
of the casting, jn the course of cooling, must be made to allow 
the plate to be withdrawn after the casting is executed. In casosi 
where this precaution has not been sufficiently attended to, IIk^ 
jamming of the plate, enclosed on more than one side, has been 
the natural consequence, and sometimes the dosiruction of ilie 
casting by consequent fracture. In the centre of the frame a 
Biifficienl opening is allowed for the steam-ways. This fi*ame is 
laicl in the bottom of the recess, and as its under surface now 
laces the moulding, it:mufi|t be euveioj ed on that side in the sand, 
to protect it from immediate action of the metal afterwards 
poured into the mould. .^To.assist its adhesion, the frame or p]a{('- 
is studded on the under -mde with numerous tooth-like projections, 
which are imbedded, 13 ^ the e^nd applied. Sand is now thrown in 
above the plate surrautidiSg the stemn^ways and well rammed, its 
parting surface being made flush with the upper edges of the 
| 3 ^tern of the pipe-flangp in, the centre and of the contigmuis 
of sand forming thp', interior part of the moulding, tlc ir 
if, pairing being just over the'siiSening flfinge of t^e cylinder botioim 
/With this preparation ilie, upper JbpxeSj as already said, are set 
,dowm4nd filled. .. . 

There are prepared six monlding gates, jte the moulding, and 
eighty? pourmgjyates,. or those by which tlio 

mouIdih)g ;®,i ^ two are ; sMe, about 4 feet 
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distant, and two at the cylinder end of the moulding, while none 
are niado at the other enij^^liis u^eqjCwl d^ is necessary on 
account of the heavier at the cylinder end; 

the design of the whole being to h^te &e moulding filled uni- ^ 
fornily. The flow gates are di^rihhted^^nally over the jnoulding. 
These will be again referred ipi'J ' ^ , , ' - „ 

Before lifting off the dpRor boi^^ the ,i4tteni?heing now com- 
l)kstely moulded, the latter is eo far, ldoi^ut.4 in, the ,sand that this 
may not stick to it, and so spoil, the operation. This is eflTected by 
gentle jolts communicated to the pattern by means, of one dt more 
])ipces of rod iron, which have been Screwed vertically into the ^ 
jiafctorn before finally ramming/ the Sjmd in. the upper box, or 
wJiicli merely enters into holes in the pattern. These rods being 
^iifliciently long to pass out through the sand when the box is 
lilled, it is upon their upper extremiti^ that the blows of the 
lianiiner are given, both vertically Mid horizontally, the force 
being regulated by the force and magnitude of the pattern. Tlie 
rods, unscrewed if necessary, are now drawn straight out, and the 
ii|.) 2 )(T box is in readiness to be lifted smoothly off. 

After the box is removed, the plate and its overlying core of 
sand, as it may be termed, deposited at the recess of the cylinder 
dill of the pattern, are lifted out of their situations by arms rising 
ibrongli the core, carrying with tliem the pattern of the steam- 
A\}iys, which is at liberty to go, for, as we have already noticed, it 
loose on tlio main pattern. That pattern itself is not in 
om* ])i(ro; the flange, whicli is aeparat;^8 , lifted off towards the ■ 
nj)[U'r side of the core, and the remainder of the pattern is drawn 
out by the under side. Hiis is evidently the only mode of ex- 
tracting the pattern, and shows the necessity in sucb cases of 
coiislrncting pattenis in twenty or .mpre pieces to adapt them to,, 
the exigencies of the case. 

Tlie parts of the mould, in\tbe ne^lil)onrbood of the patt^ 
inu^t now, afb3r box is pierced with small holes 

executed by wires traversing the whole of sand, with a view 
of rendering tlie moulding niore porous, And of facilitating tliereby 
the escape of the air ^d otiher gases ;'>ihe mould is also watered 
along the edges to increase fti? cphe^^^.of,the sand. 

The pattern itseff is beikea it in all its parts at 
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ODce lby lato.ii ai sevaral places, so as to be raise! in 

;* ■ ■Tliis;iiyw((* ITS performed by several 

one band, strike it 
;<^nsbmtiy ,w4b'.^iiie>.p^^^''t|ni8 'o(mtib cbtjcking 
j ,|4iy,'^^rte;ipf^' bjr away ^ the sand of tbe 

' '^OidB^Sgijls^Kiijdmow application necessary, 

j as'tim iiJrtteta'ia'mTicb Ba|^'*^^^^|3n'iwie' lower moulding tliau 
. in tbe upper, mouldings geuenilly. 

'■ ITiiavoidable degTa^a|l^;|b’^^‘’^ other of tbe two parts of tbe 
mould do imvertiis1ei^T^i[(ti^,.ia^ these' the workman repairs with 
damp sand by me^B 

Thelaouldmg,,^i;i^t'j^a^ over tbe surface by the trowel, 
nnd'a sprittkling^'t^eiMi k iben applied, and polished likewise 
by the tra\^l,. l4'";H,;^owi^er, omitted for very large castings. 
Sometunes also. to avoid using too much charcoal, the 

surlaces ate l^^ljr dtfet^ over with sand finely pulvei-iseJ, 
througli a bag. '' Ilia taouldmg is now ready for the reception of 
tbe cores, the making and depositing of which claim tbe particular 
attention of the. moulder, as the figure of the future casting will 
' very much depend upon his accniacy in these respects. 

Cores of several forms are necessary for the completion of the 
moufting. There are, first, tbe cores for the column sockets, of 


which there ate ax ; then the cores for the intermediate portions 
of the hed-plate, of which also there are six, there being two on 
each side hetwjten the ao^et cores, and one at each end ; again 
t^o cores, for 4110 fetm ^^ own bolt-holes in the snugs at the 
bases of the OolninpS|(;nlwll as for tbe holes that may be required 
. for the bolting d<4ro> pedestals,: etc., to the bed. For all tbe.=«! 
them are simple priife .4pr^g^''ui>6n tbe pattern at the propir 
,,v]^acOB, the impfesaiji^ 'io^jw^ the sand serve to bold tbe 

K outdy., ■ 

we have already ®iij^|^; a|ibut the beginning of this 
,‘ tite cor^ must bo'^ntL’dl^;&t. .on1y of i^e exact size and 
of the vacancies in a 'casilAgJ whether p^ial or thorougb, 
'Wfe^ they intended to fcti^Ht'alloimnce must also he made 
' <m th^ih; the core-prints' wh^ tlmy iio pBceamy. This alio w- 

]P*oyid^ in the^ Iho sockets, for 

whk^’,'m^;iafie; i^ts ' on :^..:uaa|^|^ ^-tl^-^tteru. These 
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8odvotg go through the square ia the body and round 

at each end, as may be u,^erstc^. on rc^ferring to Figs* 6 and 7» 
and to Fig. 9, which is a showing the cores 

ill their places. Fig. 10 is of the moulding, 

taken through the steam-way^; /// iP Ibe sand 

of the iloor, in which the' .eonstite^jg:; the 

interior as well as the ext^io^ ^if It,;. the 

culiimn sockets, seen in are tlie 

<*ores for the steam-ways, /v^hich in Fig. 3;‘are projectinjg into 
the sand, and below ^ling the recesses made for them fay the 
])rints. Figa. 3, 4 and ,5,^plain the shape of them. They are 
lonnod in boxes, which open in two for the purpose of extracting 
lliem. These, with all the other small cores, are dried upon hot 
])]ates, heated by stoves. At a and e e, eh,, the cores are shown, 
forming the spaces in the moulding intended to be vacant. Near 
the under side of each, in Fig. 10, are shown the plates, indicated 
hy dark lines, which sustajjp the (K)re8. The whole, however, must 
ho sustained by the faoitoih of the moulding, leaving a space of 
tlio required thickness of the casting. This is effected by placing 
cliaplel-s there; these are simply strips of sheet iron of small 
lengths hut with double knees, thus [. If the depth of these be 
just the thickness of the metal, then by placing' several of them 
iiloiig tlie bed of the moulding they support the cores placed 
ovtT them, keeping the space clear for the metal ; of course these 
< liaplots will he imbedded in the casting, where they are allowed 
1o remain- The double knee cores at both ends of the moulding, 
it will ho observed in Fig* 9, are put together, each in three 
])ieccs. In constructing the cores etc., plain square bodies 
i)f sand of the dimensions of tire ’Jutenor of the cj^ting, sre in 
the first place formed in boxes o 
same time iron frames env^ipe 
cores thac are necessary 
tlic casting are simply ,ii;t^Jxed, 
sides of the main cores'^e form^ and fixed oii 
hy sijpply applying upon tfe^larg^,„|0^re box of the form 

required, into whicB the slidd esausing it to adhere 

to the main core; is squared off 

by a straight It is evident that 


f the same size, including, at thi 0 _ 
d in the cores. ^ VNow, 
ohk>»g.^j£^E^ 'in' the 
in 'theiai 'proper ilWe 
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if tlie IxiijS ife 12teS off) it leases its core behind it. All the othfT 
Biiliilar cores’ ^ving been made and their places, the inoiiM- 
ing is fiinally dosed, the upper box being replaced, as seen in 
section 10. This reijnires to/be done cautiously and in a 

trfily vertical direction, as it now receives the upper ends of (he 
- project above :4he motflding^ and also bears upon the 

other large and small, which ^ not require any additional 
security. ; ’ ' ■ " ^ ^ . 

When convenient, two or more gates are connected to one cental 
reservoir, all built on the surface of the sand. Gates'at considerable 
distances from others are usually supplied separately with iron from 
hand-ladles. The other gates, that are connecied are supplied by 
cranc-ladles, which are conveyed by cranes from the cupola to tlie 
moulding. The ladles will be afterwards described. The flow- 
gates, while the metal is being formed, are plugged with clny-balls, 
to “ keep down the air ” in the moulding. These plugs are drawn 
out when the moulding is filled and the iron flows up. It is thus 
judged whether the casting is complete. The plugs must not be pre- 
maturely drawn, as by the too free egress given to the air, tlio br)ttom 
of the mould is apt to be disturbed by the air confined in the sand. 

When the metal is poured, the feeders ” are inimediately 
apjdiod at the flow gates. These are rods of iron wliich are pluijg<Ml 
into the liquid iron, and wrought up and down in it. Uy tlii-? 
agitative process the liquidity of the iron about the gatrs is of 
longer duration than otherwise maintained. It is therefore euablod 
to supply itself with additional iron from the flow gates, for ii. must 
l>e understood that in cooling down large bodies of nietul, the 
surface sets, while the interior is liquid ; and therefore when the 
interior further contracts, it dra^e in the surface metal towards the 

8 lid if not fed as above described, the casting assumes a 
or horieycomheMj structure^ which weakens it considcr- 
'o avoid such a result as ;far as possible is the object ot 
itiun produced by the rod; 

ngst the great variety vOr%drk dominated green-sand 
Bi^ich and varied contrivance is displayed in the structure 
of moulds. In particular, the management of cores is a rnatt(T 
of very cohriderahle importance, a|td>the ^malformation of tljem is 
a prolific ji^urce of failure in;^ proli|ctib;a of squh^ castings. 
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Oi the nse of in motldiiig^ sb example &b 8 alreadj been 
^ueu m the acconut of the moni^ing of «& engine bed'plaie. 4. 
(1if1< lent application Will SOW he domnl^ in relation to the 
moulding of a latheobed. JL, lil^ js an wd Tiew of the 
hid are the np])er slii}fjj^|'K||P^^ Bides, 

till SI no connected and jgkrb hy deep flang^ 

imniug them. The «s the most impotiant 

oi the bed, arc, accor^% to the gektmA tnle* ntonlded mider- 
iiiost, the object being to seenre a sound Btrootors at these parts, 
In I Irom blown holes and tmpnrities, which collect^ mote or less, 
tow lids the upper bide of every easting, B, Fig. 147, & a section 
oi till ]i dtem and moulding. iThe parts a a are muipljr attached by 
] )()si jiiub to the rest of the pattern. ilTie first step is to bed the 
pitlem, in an inverted positbn, thoroughly on the fioor, which is 



liSs . # an A < « lo.iA’* 


Fm 147. 


U\(IIcdand smoothed all about it Plates bb, extending the whole 

I of the ])attern, are set along both sldfs it, an inch or so 
Ip lit lo bajiport the sand exterior to the pattern. A senes of small 
nils either oi wood or iron, is placed on each plate. These tods 
I A I rhnng it on the side next the pattern, from which, howevmr, tltey 
iniHl be at some distance. In this way the rods foim a pKaj(pi|Q« 

I I itionn, by wbieli the sand that would everhang the 

'.list limed. If of wo^, the rods are dipped in c 3 ay«Water, tnao^l 

III ly iidhere to the sand The moulding is mdde dp Witit san^ SH 

with the pattern within and without. The parting fr tormed 
covered in by the upper box as nsnal^ which being lifted oF, «aa 
the pattern bavmg lieen ^ened, drawn out, leavbg the 
loose pieces a a imbedded ip tiie %^|mseeb of smid nno. Tlie 
III is^es » n resting op. the moved aside by 
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tliG'pkl^ 


ject upwards. The 


'^are ' by conical 

covered by Iho 

f ;.,f v'- 

plates «r6 patterns 

f<% jif^jbsg tiie bodiei^^l^^ the arms. Freqneuilr, 


^■^.?IatM«re patterns 

f<% jif^jbsg tiie Ihe arms. Freqneuilr, 

;|pO; in mis0(dkneiDi!»'(iQiijeii^1iim^^dil^ depths of sand oecnr 
in the upper pmfi .of hUps wood are planted Tertiually 

xn tibe maes^ j^h^g upj^tmda' between the ribs of the upyx-r 
box, thdir dbjeet,1iB!^^w‘^(l' the w]b,^6 body of sand the mure 
firmly together.;,..'.’u,,,;t;"i^^\/,'' 

Fig. IdSifitas^tbs snother mterestiDg and instructive example 
of green'Sand^^iddhag.. ,1^8 main body cores, here shown lu 
positiQn,^are«nutd^,,t^^^i^ previous to being placed in the 
mould, just as mteuded for a diy-sand mould. It will 

bb (djQervedfiromtne (Xpm^eectibn tlmt extra precautionary measnrus 
were adopted, in order to strengthen the core for handling, I'Cc., 
andidso to facil^te. the free escape of air and gases therefrom, 
which we g^erated^during the casting process. In other respects 
the mouldingjj'rooew in this latter example is very similar to tlitt 
of the two foregoing. : In example Fig. 148, owing to the greater 
depth'of the it was 'Considered necessary in order to 

obtain a free vent, to spechdly prepare the bottom sand-bed, by first 
digging a trench considerably wider and deeper than the pattern or 
casting reqniibd.''',-,I% bottom of this trench was covered with 
engine ashes as'i^d^,'to a depth of full three inches, pockets, 
F, P,'P^ somewhat dcf^^, being formed and altb filled with ashes 
to jneceiTOthe Bottom voting pipes VP, whiten were three 
jriljihiss dlamet^* .,The», pipes, ^ arranged fabont four feet apart, 
toJhcilitate the'<ii^^'i^^pe pf the a^^ throughout the lower 
intcribt'.of main cd#^ as well as the gases generated during 
Hhg protfesB. The outer exposed ends project about six inches 
the l^dpr, and should lib' np'.tem|^rarily with pieces 

1b cw straw in order to prevent^ 'sBud^.^i^, from falling into 
3^; them. The bed qf 'fihuo' prepared, is now 

^5^ with fimi'ng;8ah.d,^|fe,;i|‘|«^''^ toa'depth of from 
thich xxTi...., 


m bedded. "When 
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spa^ii . 

sai:id,>nd febmg : 

ferd^rto W suitabl^i;(^ 
^|owered\dpfiSt^:4S tf^^'^\:' 


tliis latter operation is properly, 
each side of pattern are filled, iP!.; 
sand where necessary, alt ) 
ofC level with tMe upper faofe’pf pa€^ 
bed for the top box part, ^ch 
embnice the whole of the patt^^^ , 

])atterii are now coveredr^dvet ' with 
pa£:;e 200, to a depth of one inoS 
casting, the remaining spiaci^ in tjbie t^'bdx/parl^^^ 

11 }) with ordinary floor sand raihm^. 3?h^ Wuld is n'einr 

comydeted as regards the te^Ti^mming projcesa ^ The guide pins 
(1 P, previous to removing lop part, should be securely driven into 
the foundiy floor and against the lugs L at each corner, to insure , 
that the said top box can be replaced, again in exactly the same 
positio^t relative to the lower portion of the mould.. The removal 
of the top box part to one side should be catefnlly carried out by 


iiieaiiH of crane-power and suitable slings or chains having hooks 
for catching on to the handl^LH, four of which are.cast on to 
tlio sides of the form siiown*^iiV'hea removing the top box part it 
should be turned over before it is laid down at one side, in order 
that the partings or moulded surfaces be exposed for free access 
during the finishing process. The sand forming the lower portion 
of the mould, i.e. all p-long each side of the pattern, is now pierced 
\N ith a pricker so as to form a row of vertical channels V H, about 
three inches apart, the top ends^gf each terminating at. each sidex 
in one continuous channel or glitter G, about three inches from 
the edges of the mould. The vertical channels V H thus formed 
are shown in the%o3S“Bection down l)oth sides of the mould or 
])atlorn, all of which extend to the bottom, so that durinfeAhe 
(‘asting process the gases in the interior of the rupuld, 
off frecily into these vertical channels and finally, escape at ihe 
various outlet channels 0 C, which extend outwards, and beyond 
the sides of top box part, these channels 0 Q being in communi- 
cation also with the main longitudinal cba;nnel8 or gutters GG 
already referred to. That Such pi^aulfonjSja^ advisaU^^ generally 
ill green-sand, also dry^nd WCS mid in the present 

example absolutely necessalj, yrill’ ^ when we con- 
sider the large volume^ by 5’^py ^ 
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or perfomticms referred to (Inrinjr 
properties of which aio niijm 
eff, with icod 7ollow<«oloured ildlUO 


prpcesB.’thij eofa 

# Vtti off» 


BODie time aft^rwerds. , ‘ 

V^rioTM box partit pt ft ^dnld are firoily held to^etlu r 
|BK^3Ksg seems up by means of soft lo.iin 

Hr wJ^OTO'iary in oi^ a portion of the liquid uiet.d 

^nnifi^ i^n};h a»d> as^j^g these parts just as the mould 

becomes filled up. iihe of" these kakagdb, apart from the 
annoyance and dangeti »/ that |(ke casting produced will lia\u 
larger fins at the partings than nSed be, In the present example. 
Fig 148, the effect of a bad joint between the upper liox part and 
lower portion of the monld would he, that the liquid metal as it 
reached the parting rtonld ^eak through it and across the open jumt 
until it roaches {be long gutters 0-0-, in communication with tiie 
various air passages rofeited to, tlie latter of which would thu-. 
become stopped up witil metal, and therefore useless for venting au 
that a bad oauting is the ultimate r ^m lt In this example siu li an 
occurrence is avoided, not by stop]^|||i tliese joints with soil hum, 
as already described, hut by slightly raising an edge of sand h} me ms 
of the edge of a hand trowd, diawn all along the parting i.ici', lx 
tweeu the inner edges of the mould and the long venting giittei (t, 
as shown at J J ; and to insure that the upper face of box pait is 
touching and compreanng this ridge of sind J sniliciontly lu ioini 
a jomt, it is previously dustod^yer with light-coloured jiaiting 
aind, which if touching will adhSe to the upper face, and will be 
seen all along the line when the upper box port is removed for 
inspection of metal thiefcnossui, && The paltem with its (ok* 
pni^, &c., is now removed, and leaves a comparatively large opt n 
molded B}) ice, which ena)^ ib% necessary finishing and blacking 
processes to be conveniently carried out, after which the various 
cores 1^1 C required to form the space, dc , for the metal are ( acli 
lowered down into position by means of the three eyebolts still 
Jl^ hare as shown at 11 11 H, on each separate portion of the numi 
|i|)^ These ojeholts aie connected or to the cast-iron 

0 1, ehown hue in section, and altt> in elevation. Fig. 1 1 7, 
The mam cores, as already mentioned, are made in 
of a ftopar^te me box. The snnd 
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mixture is that given in pag^ •.^3^{«^eore produoecl ii 

as shown in <m)BS<«ecti(mJs^eM^i^|jC^^faiiS^i^,,8tt;iM consistT,; 
iti^ of sand walls from three iUbe- interior or ' 

hollow portion l^ng filled .jttiait the 
>re may be enabled to -resist:'' 

ml-od during the <msting pn^^' 




those ^fisos, it will be ab^ei*ve3, & 
tiio eoro by way of the comisiim^^g p^si^es.l^^^ 
the core ashes forming thn b^ ' cb^ 

and ashes as described cbiild not be hoT^evei:^ with any 

reasonable degree of safety, without its breselkihg ; the main core, 
i^l is therefore strengthened by means b£ a suitable cast-iron 
uniting or core iron, of tho form illustrated in Fig. 117, page 334,;,, 
having long vertical spikes S arranged' and cast on along the, 
ontt r edges so close together as to strengthen the. sides of coro^. 
siifUeicutly. The necessary lifting rods or eyebolts EB are also 
cast oil to the grating in xelaiive positions shown, to which . 
ihe usual ropes or chain slings may be readily fixed, without in any ^ 
way injuring the core ])roper. The countersunk holes forni^ 
louud the eyes E B (which are of course below the finished surface 
i)f core) are afterwards filled or patched up with sand; the damp ‘ 
jiortions of sand thus added must of course be dried before closing 
Iho mould and rejilacing top box jmrt. The subsequent drying of 


llu‘ s(‘])firate patches referred to is usually done by applying a reJ- 
lu»t slab of metal near to the patch of damp sand. The latter 
juoccss being completed, it is now time to close the mould a,nd 
niJike the necessary arrangements for hea^ls and 
that the casting ptoc<^ nlay be carried out 
metcil basin shown is, forinfed by first pWng 
(usually of cast iron) so as^tb bmlirace; the t^o ,giB^ 

wore previously formed during die 
Ihe sand in the upj^r box.|^rfc bjfxUieapjS i^:Umiably 
woodfui pattern pin^ arrctqtg^ as to 

Ibnii the basin with 

ti’om the top part down,^ so • 

that tlioy stop up the preventing ■' 
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passagea 'Tlie pitWB thus inverted v?ill extend sufficiently up\var(^^< 
to serve as ' patterns for forming the extension of said runncaa 
thrbugl^ the thickness of ^nd forming the bottom of basin as 
showii.' Jt should also b^'bbserved on the left side, where it is 
^intehdj|d that th6, metal should be pured into the basin, tliat the 
is betdled considerably to receive the metal as it drops with- 
splashing, while at the opposite side the face of sand is made 
in order that the W/toE of metal as it falls from the ladle 
may not so Teadily run over, the ,oppo8ite side, as otherwise it 
obviously wotild do. In arranging the metal runners G it is in- 
tended that the metab in falling into the mould should first roacli 
the bottom of the mould by way of the ppacos forming the vortical 
sides as shown, becausd if allowed to first fall on the upper flat 
surfaces of the main cores MO, it would cause considerahle 
sparking and spreading of the metal, some of which would settle 
in the spheroidal form and lie on these surfaces, where it cools 
rapidly, and even solidifies before the mould has become filh^l up 
to these higlier levels, and the molten metal has risen suflici(*ntly 
to fill the mould. The various pieces of chilled metal referre d to, 
although considerably heated up again by the surrounding^ liquid 
metal, are rarely snmciently heated that they melt and disappear 
entirely ; so that in practice we find those previously cl idled por- 
tions of metal embedded in the metal of the casting which an) tbc 
uppermost parts when in the mould. The ajipearance at the frac- 
ture in such cases is known as cold shot, and is often sufficient to 
render the casting useless by its being porous, and especially so 
when required to retain steam, air, hydraulic or other liquid 
pressures. Cold shots are also very objectionable when they occur 
in portions of casting to be machined, owing to the extreiuo 
hardness of those embedded pieces of chilled metal. 

In order to provide for the free outward passage of the air in 
'the mould when being displaced by the liquid metal during the 
casting process, one or more outlet channels are usually arranged 
.^at extreme points of tlie mould, as for instance in this example, 
ihe two outlets M F shown, the formation of which is similar to 
pihirt of piaiihgsup the gates gEd head-piece or metal basin as 
alreadyjdescribed. The height the ' Small box framings is made 
tl||isax^iS«; thaii4f th^ large^ h^drpieee F. lielore com- 
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moncing to pour the metal the v^otjs outlets M F should be partially 
blocked, as is usual, by pkciug a ball of sand rating on a piece of 
paper over each orilice, so as to c m| | ^ '>light back pressure, by 
l eason of which the otherwi^ of air and other gases 

is prevented. These vertical pafis|BipiPK'P also serve to indicate 
^vlu‘n the mould is sui^ciently fullndf] mfefad at the extreme points 
by its a])pearance there, and its iniEaediateiy^flow into the hollows 
lonued at their orifices as shown. The saild-ball8,^;^^ferred to are 
siHiply floated oflf their seat, owing to their having klow^r sp^fic 
.m’Mvily than that of ihi|' 'liquid metal rising -to mefet them. It 
will he clear, therefore, that when metal is ob^rved to rise in the 
iij)t:ike channels M F, that it is time to stop pouring metal into 
tlie metal basin, by turning the ladle quickly into a vertical 
position. 

I >uriiig the casting process, and so long as the metal remains 
in the liquid condition in the mould, there is a considerable ten- 
dency to force the top box part upwards by reason of the pressure 
of metal due to its vertical head. This pressure acts in every 
direction as w^^ll as upwards as indicated. The floating or upward 
tendency of the cores, as. already fully explained (pages 353 to 
is also transmitted to the upper box part through the studs 
S. so that it becomes necessary, in such examples as that illustrated 
in Mg. 1 IS, to add considerable external weight. In this example 
six weights were applied, each of which weighed about fifteen 
linudredweights, placed at suitable points for proper distribution 
as indicatt'd by the varieus arrows W shown. These heavy 
weights are UbUjilly kept for this purpose, and have suitable lifting 
c} (‘holts cast into them for easy handling. 

In considering the method adopted for holding- do\vn the main 
core 51 C, it should be observed that the said core jj|®ade up of 
six separate pieces, placed end to end so as tp a corresponding 
nuuihtT of vertical joints V J shown. , : 

This muiu-hody core, it will be seen from the cwss-section, has 
also a considerable overhang at the left side which extends through- 
out its length, the effect of which, dut^ tb^^riod of fluidity, is 
that the core has a considerable tendency to jpse or lift off its scat 
(see pages 353 to 302). To j:e8tii| and this upward effort, 

tliree malleable studs S,:| iuc^ made to bear down 



108 . ^ AND CASTINO. 

tbe eor$ MC,.two of inrbich^ it will 
'^ immediately above tie overhanging portion 
_isa .Each stud S is buried in 

l.(bae its lower end projecting to 
d^ satbatii just touches 



50 ujpper bbx^ 
dt of tbe tbictne 


i in order that the 
and without which 


jdate B P profile 

^ ' “ire may be distribute i 

. f 'lii i' . 


tile sand btberjyjse might pierced by the points of the 

s^d% when thb tebde^^ tfm We to lift takes place. To insure 
that the studs S are W through the 

Blind in uppeV box.|^,t,th0^^^ end of each stud S is made to 
bear on a ^oas-ter ox-kee^ keeper itself being prevente d 

from rising by having ffi^tyfO/feWer ends turned or bent outwards 
as shown, .80 that they mikybear hard up against the under edg* yi 
of the two adjacent crOss-bars of the upper cast-iron box part. Tho 
small iron wedge pieces W, shown between the top end of stud S 
and keeper K, are adopted here to take up any clearance, and make 
the final adjustment for thickness of metal, &c., quite secure. 


Dbv-Sand MotrLDiNO. 


l)ry*sand moulding, as distinguished from the green-sand pro- 
cess just described, is essentially the same, ex^t as regards Ihe 
manipulation of the sand used, the composition and general pro- 
perties of, which for dry sand are verytdifferent, and require that 
the mould be thoroughly dried in a suitable stove before it can Ik* 
cast successfully* Dry-sand mixtures, such as those detailed and 
described in pages ^92 to 293, it will be seen, contain no com- 
. bustible su%toi^ces (such as WWust or blaqking used for green- 
"fsand mixtures). They, are mW W more 

^'Knding ; but too close. aw cotopW wb^ in the damp state to 
l^raiSt of the e^ape of gases generated by the heat when casting, 
after being thoroughly dried 'fecome harder, stronger, 
DUS. 'Fbese and other properties make the dry- 
more reliable, especially W the larger and more 
wotk._ '' 

. '|ipil|i|^^|uction of .moulder in ramming 
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up does not require ta emj^jr e#tWiig' J^e the amount of care 
and skill which are jubaolhtdy. W^inaking a mould in 

green sand; this must iaot too solt rammed 

ill any part, as the result irregu-- 

liirii ies at the surfaeo of sand 

yielding to the pressxife qf Wc^/ ' hard |ilmniing will 

cause the skin of the to lift at th^'p0in^' M& to produce 
scabs. These and othfflr‘ ajp^ar^Uy slight 4^^^ in the ram- 
iiiiug are olten sufficient , obstacles in 4be the so-called 

dry-sand moulder to'^ewt Inm making a cteting suc-?^ 
ceTisfully ill green sand. ' ^ \ ‘ \ . L v ' , ‘ 

]\Ioulds made from dry-sand mixi^es when dried acquire a 
very firm and yet open consist^cy,- owing to the expulsion of its 
humidity by heat. The moulds are therefore better able to resist 
the wash of metal on account of their increased strength. The 
absence of dampness makes the presence of honeycomhing much 
l(\ss firobable ; while, owing to the comparatively low rate of cool- 
ing in such moulds, the casting is not so hard at the skin, and is 
therefore more suitable when it has afterwards to be machined. 
All things considered, clean-surfaced, solid, tough, and the best 
(juality of castings throughout can be produced with much greater 
certainty in dry-saud than when cast in green-sand moulds. Hence 
it is usually better in the end to mould important castings in dry 
sand, even, when A' general form is comjiaratively simple, and 
more especially so when the casting is in any respect intricate, 
sikJi^s, for instance, srmill steam cylinders and similar work. It 
is not always apparent, it should be noted, whether a casting has 
hfcn taken in green sand or dry sand, especially whe||. the green- 
sand moulds are carefully prepared and skinned, as indeed it is 
only by the outward , appearance of the skin that you' have any 
conclusive evidence. 

On account of. tlie dr)dng proc^^ and coi^ extra 

handling, it will be iieen tha^ the pnoduction of dry-saud eastings 
rcqflires .considerably longer time, whioh’j6ge[tlmr &e cost of 
fmd used and extra plant in tlm fqrni;qf and other 

such appliances to be dry- 

sand castings to. in green sand, 

'rhe latter proce^^' Ihr ' cheapness or 
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speedy delivery when the work is nrgehtly ^nted. Many of tlie 
castings^ however, reqnired for the ainaller .parts of engines, and 
engineering, purposes generally, are made in green-sand moulds, 
inftke these in dry-sapd moulds would simply be wasting 
time^ and mpney. There are other ,fi>rms <rff castings,' such us 
those of the more ornamental e^acter, which are cast in green- 
Tsand moulds, and, indeed, coiild not be .produced with the same 
sharply-defined ornamentations Iby the more expensive dry-sand 
methods, because-^ by the^ latter & requires that the surfaces of 
; the mould be coated wi& thick black-wash; which alone, in many 
^instances, is sufficient, .tqrj^literate the finer impressions; and 
even those that are stllliltvfell defined are often destroyed or dis- 
figured during the hanct-rSleeking process. These objections just 
referred to do not obtain in the green-sand process, because in 
the latter the blacking is added as a powder by simply dusting 
or shaking it from a porous hand-bag held over the surfuees 
to fee coated, the ornamental portions being rarely touched by 
hand, and indeed that is seldom necessary when the patterns are 
properly made to draw clean, out of the sand. As indi(jating ilio 
suitability or possibilities from greeri-sand moulds, it may be staled 
that often when the pattern is made from, say, mahogany or otlier 
kinds of wood having a comparatively^ open grain, the grain may 
be distinctly reproduced on the plain surface of the casting. 

Castings made in green-sand moulds are ^Ifeerally much hardcT 
at the surface, owing to the increased rate of cooling as compared 
wntli that in dry-sand moulds, as already stated. ^ 

The increased chilling effect in green sand is caused by the 
cold and damp nature of the sand forming such moulds. The 
increased hardness at the surface is chiefly objectionable when th(^ 
cjistings are to be machined, bh account of the necessary reduction 
of tlie cutting speed of the madiining toplsTfor that purpose, and 
the consequent increase in time and cost. This chilling effect, 
moreover, sometimes causes the skin of the casting to bo so hard 
ithat no steel known can cut it ; in such cases the casting, wliich 
may be otherwise perfect, is only good ,for scrap^ and is afterwards 
added to the charge of iron to be agi^n melt^ in the cupola. 

In gwn-^nd castings there is greater tendency to 

honeyj^hipg unsound castjngs gep^tfy;' tlie honeycombing 
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ai)pearin^ei^rally at the toprsicj# of casting. This latter fault 
is ot'ien to the water from, the. dampness of the greeti md 
being evaporated into steam, which, for want of a freer escape, 
finds its way through th6 liquj^ .metal where it has become 
entrapjTed, so as to produce the hcipaeycombing often only ex- 
posed by hammering or hreakingj up. Buch defects are all tlie 
more liable to occur in green-sand moulds in the vicinity of the 
studs or chaplets, especially those placed at the top for holding down 
the core. Tliis, as already pointed out, is due to the steam vapours 
being in the first place condensed on those metal surfaces and again 
evaporated by the heat of the metal in contact with it 

during the casting process, parm|^emedY for this is pointed ^ 
out on page 351. The sand in a gt^n-sand mould, being much 
weaker than the dried dry-sand mixtures, is therefore more readily 
broken by the wash of the molten metal, and any portion of sand 
thus sej)arated (bein.g lighter or of less specific gravity than that of 
1.1 le molten metal) will rise and finally lodge at some part of the 
casting near or at the top of the mould, where it will jlpt as a 
sand core and produce corresponding irregularly shaped hollow 
jKirts in iho casting called sand-holes, and that often to such an 
extent that the easting may be unfit for the purpose intended and 
is oendemiied and broken up into scrap. When portions of a 
mould break off as described, the surface of the casting at these 
l»oiiits is very rough and at the same time j)rojeets beyond the 
j>r()per finished surface to the same extent as the depth or thick- 
ness of the piece of sand broken off*. Such projecting irregular 
patches on the surface of castings are called scabs, the roughness 
i)f the surface of wldch is due to removal of the finished or blackened 
lace, so that the molten metal comes in direct (Contact with the 
.‘‘aiul ih^elf; the he^t being sufficient to form a' fusible compound 
of (^xide of iron sand (silica) pre^nt,^to which is cemented 
the adjacent rough sand forming the surface of the scab. These 
scabs of metal are always chipped off flush by tho iron dresser, 
when the casting is considered otherwise suitable for its work. 
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> ' '.' :r/'4K)OTI>nfO, AJTD OA^KC. 

' ’’ 'm'-, 

UoidimjsiaJ ^ 

Jb^ bepnehown in A|S^vioiis clia;()ier, is extensively 
of pnrpo8^i;b$t jennarks were more wit.li 

td tl^ production oif cores. Loam moulding 

bowever, is quite .a distil)^,; brwdi es compared with tlio 
. oll^r. two branches preTOi^iy.1(^«de]!<^. Thus a tradesman who 
' is spmially qualified and'i^^igi^ dn the construction of moulds 
'with brick and loam is ki^^».«f;^ 4 ,**loam moulder,” as distin- 
.guished from, the green4^5*'^«<^'^°^ moulders who have 
been already inferred -.rfl 

. The particular pro?mia|fep^.lc& moulder is the preparation 
of loam patterns and certain cast-iron work, by which 

the mould may be' forieed wi&out incurring the expense of the 
constnmttdn .d^ a wood patj^erii for that purpose. In numerous 
cases the loam moulder also bo&etmcts moulds for which wood 
patteriia could not be readily or economically provided. The 
econmi||ld<ompl^ 7 °ici^t, however, bf loain as a sulistitute for wood 
patterns ahd, sand, is restricted, in general, to the manufucturc of 
the more regularly shaped work of the foundry. Every variety of 
circular bodies may be done in loam ; laige square vessels, too, iire 
done by the same process, such 'as Dor instance the larger weet- 
angular condenser casings adopted in marine engineering practice. 
These castings^ however, althongh apparently strengthened snfTi- 
ciently by the addition of nhmerons proje'eting rihs crossing each 
other, are often found to give way by cracking, duo to the rajud 
changes of temperature to- which they fire subjected when in 
operation, and to. iresist. which f^t surfaces are so badly suited, 
lu a great many fiances 4i^;.^pmytice now is to have the con- 
denser easing of cylindiic^libri^^u^' ftl^ Oii^^parately from the 
engine proper. ''''v'' ■■ - 

I'^rbaps the largest of the present 

■dijy loam moulding are those ‘pmt^^ iBUicce68ful]y in the produc- 
tion od', sn^li castings as the high sh4 low p^e^nre flinders up to 
ip diameter of bore, w^;Oj^qi^ htbeT ,6{ the various 
epi^lflipSpflSd oomhiiiatiops of '^fflpgs^ drc., now 

'so b^^iil^gj^I.rand espcciallypd^,j|p"!;ip5oSw'|^ •euginepring 

I raci^i^^ 





When we consider W 
moulds require ,1^ h 0 l^Icen. 
of the many dil^e^nt 
setting of cores, the size nnd 


such , 

^ Sicilitltte the removal 
considerably; 


Ihe many and varied ferine w rings, gratings 

and plates required for/str6ng^n|nUltll|^^^0i^tv'ik^ ;Co 


weak structure of loani! 

arrangements to be (»rii^;'n€t'jpl^/l^ of the 


various cores and other M the ntohlff Which will be more or 
less submerged or {^th ibblten mef^'; the special 

markings n quired to insur^B^ the ^inmous portions of the mould 
and cores referred to niay be; tetttrhed to their proper relative 
j)<)sition3 wilh the utmost certainty; the proper arrangement of 
t]i(3 required number and size of gates, risers, dre^^ also the many 
and varied precautionary measures to be adopted from time to time 
during the progress of the work, in order to insure a successful 
casting with any degree of certainty; -then it must be allowed 
that to lead and direct successfully such operations requires a man 
not only endowed with the highest standard of intelligence and 
ingenuity, but guided also by lengthened experience. 

Every piece of loam moulding, of any considerable extent, is a 
re^l^tly built structure, being composed of bricks, arranged in 
layers and bedded in lojxm, in which they are also entirely en- 
vclo]>ed, particularly on tho^ sides contiguous to the moulds The 


composition of loam demands strict attention, varied, as it requires: 
to bo, suitably to the num<||mis appUcations of: loam as detailed in 
])«ges 21)4 to 297. Two iMispensablo qualities'^are those of firm- 
ness and porosity, Tlio first is evidently necessary, 'considering 
the very great hydrostatic pressure ^to which, castings, 

moaldiugs are subjected, wliile the iron m hquifi^^£'^d again, the 
copious effusion pf '^egfffrom the;m6uld, arid^^ 
of the heat of the it>^^ 

for their escape th^Ougi^tbf'/h^ter^ of is pro- 
vided for in the pdrQsit^^J^.|TO m be in 

such a degree as to Ibae to the gases 

evolved, while the .^ttilic fluid. 

To fulfil thei^ are principally 

clay and clean ^sbar|t-; ia their 
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nature; as couhteiuctjvca The clay is the bindini]; 

eJem^t the loam .derives tho fjuuI 

its clpsenesa, lind! renders the lofim 
ope^ in the grain. Thus both these eimehts are essential in tlie 
d<toppsition of the substance. Gow-hair also, obtained from hides 
of cattle by tanning, is mixed m loam; it answers two purposes. 
In the first instance, whito.tho raw loam is being moulded into tlie 
form desired, the hair assists the 't^city of the parts of the loam, 
which is often largely charged with^ water. Again, when loam 
work is baked in the stove, Which is raised to the greatest 

attainable temperature, the hair is l^ht out of the loam, and, o( 
course, leaves its own empty track The mould is thus perforate d 
in all directions throughout by these artificial sinuosities ; and in 
this way the openness of the mould is very much increasenl. 
Millseed, saw-dust, horse-hair and straw, especially the last, aio 
also extensively used in the formation of loam cores. It ought to 
be understood that loam cores must be completely dried and burnt 
before they can be serviceable; the object being to anticipate the 
work of the hot-iron with which they must afterwards come into 
contact, by expelling completely their humidity, and the occasional 
gases originated by the burning of their combustible matter. Were 
this precaution not taken, parfcicdlarly for cores much coi]i||ed, 
they would be broken up by the sudden generation of confijied air, 
which could not escape as suddenly. It may be as well to state 
here that the general results of the action of melted iron on the 
mould are carbonic wd, carbonic oxid^aild carburetted hydrogen. 
Jn the first place, tine carbon constituting the blackening used in 
all moulds, and the coal-powder in green-sand moulds, seizes and 
combines with the oxygen o6 the aqueous particles in the neigh- 
bourhood, formmg a mixture of carbonic acid and oxide ; tho 
hydrogen of the water thus let loose ' confines with another 
portion of carbon, producing carburetted’ Ijydrogen, Which, witli 
the carbonic oxide, burns with a hldish-yellow flame on comlug 
ipto contact with the external atmp^liere. 

, For all varieties of circular bodies such as niay be descriW 
rbundi^P^ axis, a board is cut oh one e^gc to the exact form 
of tb^ heiug, in fact, a hall, skefeton, its outline. If 

the body M^^^j 5 |d^out, a boaj^ .must also to provided, cut to the 
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form of the interior space. iL- ceoiral spindle is erected, ^-liich is 
<0 represent the centre of the he, moulded ; to this spindle 

oiu^ or more arms are screwed. fN^ded with glands, by which the 
loam board, as it is termed) is set 'at UiO proper radial distance from 
the centre, and firmly fixed to it The wh6le being in this condition 
iunied round tlie centre, it is ohnouh of the bcnly 

will be described, this* generd shall proceed to 

jmrticular description. - . ^ • , " / ' / 

Large it on pans used in ^oda, sugar, and other chemical manu- 
i’actures, are amongst the moflft Jfcmilkr examples of loam moulding, 
and as they are in themselves bifcictive specimens of this kind of 
work, they sliall he Selected as oor first illustration. 

A, J^'ig. .1 41), is a general view of a common shaped sugar pan. 
The portion a b, constituting the pan, is a simple spherical cone, 
and c is the brim. 

The pan is moulded and cast in an inverted position, similar to 
Hk! Irish pots, already described. In the first place, then, a cast- 
iron ring a a, at F, Fig. 141), is levelled upon blocks, which raise 
it oir tlie floor of the foundry, aud is placed concentric with a 
spindle b\ which stands upright, being placed at the under end in 
a cast-iron step sunk in the floor, and stayed at the upper end in 
a bush on the end of a bracket e\ which projects from the wall, 
and turns horizontally upon pivots. The spindle thus stayed is 
Iroe to move round in both directions. To prevent the bracket from 
moving on its pivots, it is linked by the extremity to the wall. A 
(urked arm d is fixed upon the spindle by an eye at one end, 
lightened by a pinching screw. Between the branches of this 
f'rm llio loam board e is set, and fixed by glands in the required 
])()hition. 

At B, Fig. 149, we have represented the oujklin^ to which 
loam boards are cut ; ah c is the figure of the surface of 

ilic j)an, bcl being the axis. « is, in &e fiitst plac^, cut 

to ilio semi-outline oi the bf^or; and additional 

check 0 , which turns out a Corresponding the mould, the 

object of which is to support overlying part of the mould on 
its horizontal surface, and to aCt jafterw;ari^ by its vertical sur- 
face, as a guid<^ in Another board / is in 

the same way cut to |he with a check. 
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procisfily similar to the one .ini the board e, and thus it act 
Its a guide in setting the second board. 

At C, Fig. 149, is a vertical section of the work in the first 
stiige of its progress. Upon ibe ring a* a' a kind of dome is, in 

first place, built of bricks and loam, generally some four inches 
tliick. The moulder is guided in the construction of this dome 
by tlie interior loam board, sustained by the spiUdle. The external 
sniTace ought to he everywhere about two inches distant from the 
siiiiricc described by the board e e. Before building up the dome 
lo tlie crown, coals are placed in the floor within it, which are 
art(‘r wards kindled for drying the work. The crown is then nearly 
coiiildeted, leaving only a small space round the spindle, to allow 
of v<‘ntilatioii when the combustion within is going on. By this 
a])( rture the moulder is enabled to manage his fire, so as to check" 
its ])rogress, if necessary. The consumption ought to be very slow, 
so as to allow of the heat taking efft»ct upon the entire mass. 

Over tlio brick dome a pasty layer of core loam o' o' is applied ; 
iur it is in fact the core that is now being ftu’mod. The surfaceda 
liiiislied oft* bj'* a smoothing coating of wet loam, the redundancies 
all over the surface being swept off by the board in its revolution. 
I'pon this surface the inside of the pan is cast. The fire is now 
kindled, and as the surface of the mould becomes dry, it is painted 
()V(5r by a brush with a mixture of water and charcoal powder, 
with a little clay additional. This operation prevents adhesion 
between the surfaces of the core and the coat of loam applied 
to it. 

a'lie a>rc board having been removecl, it is repla(‘ed, as shown 
at C, Fig. 149, by tbe thickness board /, shown at B, of which 
lb(^ edge describes the external surface of the pan, and, as already 
remarked, simply mbs against the knee formed round tbe base of 
iho core. Another layer of loam a" tj" is thmi spread over the 
core, and Is rounded off properly by the board simil^ly lo the core 
i(>clf. When well d*'ied it is blackwashed, as was done to the 
core. The upright spindle i^oWW ^removed, leaving the small 
vent-hole through which it pasi^ed to promote the complete com- 
bustion of the coal. This is now liiid horizontally upon the ears 
of tljo platform d/ d\ as shown 'it 0, another platfcarm similar to 
tht‘ forinor, but suflSciently large. over the moulding already 
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. A layer of loam, two inebes thick, is laid over the 
pimiootbed by lumd. Then, upon the second ])lat;- 
iorin, A brick vault is constrnci^ as before, of which the inner 
Bur&ce applies to the new coat of 'Wm. This contracts a strong 
odhexence with the bricks, whiidi. absorb a part of its moisture, 
while the coat of p^t pfeveatsCits adherence to the thickness. 
The brick and loam coT;etmg.(iQi^ named tlie cope. 

The atructure is thus t^pleti^ so far as tiie' formation of it is 
concerned. The whole mass .PiUBt now be thoroughly baked by 
the continuance of the fire. . Stoves are preferred to internal tiros 
where they ore large enough to receive the work. Q'he intense 
heat, however, necessary to the preparation of many cores, pliic(!(l 
in confined parts of moulds, is not essential to such cores as the 
above-described, where there is so free a space within it for the 
escape of air. 

^t-iron bars may he substituted for the brick forming the 
cope. These “irons” must, of course, have the curved form of 
tte dome to which they apply, being arranged so as to converge 
towards the crown. They are simply run off in open sand, when 
required, with snugs cast upon them, by whicb>the cope may ])o 
lifted off. They are bedded in the external coat of loam, wliicdi 
is smoothed over them, and hound together by wires and bands oi 
hoop-iron. 

The next step is to lift off the cope, which is done with the 
’assistance of a cran& This being effected, access is had to the 
interior, and the thickness is easily broken away without any 
injury to the mould; this thickness forming, in fact, the paltim 
of the pan, it is evident that when the cope is replaced exactly, 
which it may he. by the guidance of the knee before described, 
there will be a sp^ within to ..be filled with metal ; this space is 
the true, formtisf the pan.'-' 3<^for8 replacing the cope, the vent 
apeHure in the cor© is filled up and smoothed over, though tlie 
.kme in the cope is left open to serve afterwords as a gate for tlio 
'reocplaon of the metal. ioi/v . 

The cope being reset, and firmly to the core by double 

knees and wedges, embracing^ t^gs, the'wbpl© is removed to 
il^ pit whjeh it is sunk, and .i&i^ up t^'dy with sand by 
iron ramme^^whicb ai» % hallf4^<wsen or more nu-n, 
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wbo walk regiilarly Tound with tibeir 

rammers, A, Fig. liSs, ^ge aud dealing heavy ai<d light 
blows alternately, while one. or two ^ shovel in 

additional sand as required. section 

of the pit, showing the manner, m wl^ A space 

sulFiciently deep is first cleared bottom a 

passage a* a* is cnt, and overUH" ^ritb having only an 

open part in the centre whi<i connects ft Tjrith interior space 
ill the mould. Two pipes c?, c Z are nectt'Iaid in against the sides 
of the pit, communicating with the channel a* a*;: When the 
mould is lowered into its position in the centre as indicated, and 
the sand rammed about it in the way already describ^d^ an oblong 
sliallow trough-like Cavity e is formed in the surface of the sand, 
one end of which opens into the gate-hole of the mould, which is 
closed by a pin while the ramming is proceeded with. 

Tlie channel a* a* and the pipes fulfil the very important 
purj)ose of venting the air confined in the hollow space, together 
\Nitli what is forced through the substance of the core when the 
metal is poured. Now, as a large quantity of inflammable gas is 
driven off, its union with the atmospheric air in the chambers 
below forms a dangerous explosive mixture, which, rushing out 
of the openings I Z, might be inflamed by accident, and, if not , 
prevented, would blow up the whole work with irresistible force. 
I’o prev(*nt such an occurrence, the vents are stopped at Z Z with 
jdiigs of straw or mill waste, or simply covered with pieces of fine 
w'iie sieve ; the gas passing through these before being exposed to 
any accidental inflammation, security from explosion is rendered 
C(U’tain, as flame cannot pass through their interstices. The 
principle alluded to is familiar to all, as exemplified ih the Davy 
lamp, in v hich the flame la the interior is intercepted by a wire- 
gauze medium. , .. ,, s 

^When the metal has.beiGin' poure^;;^dh^V^U^^^ casting 
is cleared out as quickly, as :po8Biblo, ai^'on ;noeam^^ the con- 
traction it undergoes, it is e|t ,tQ gain upon the cp«e. . Confined 
cores are always hx^ken ^ After cari^ may be, 
especially when their formS^ifciii^fei% resh* compressive 

When the object to complicated 

W , 2 e 2 
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foi:ms M chosen for the sake of illustration, it k 

alw(9i;;Bl|% analogous processes that the workman constructs his 
loam hut his sagacity must hit upon modes of executiii^ 

‘. many things which at first sight appear to be scarcely possible. 
Thtm when the forms of tlm interior and ei^terior do not permit 
' :itlve moulds to be separated in tt^ pieces, it is divided into several 
which are nicely fitted with adjusting pins. More than two cast- 
iron rings or platforms are s6inetimea necessary. When ovals or 
angular surfaces ore to be traced instead of those of revolution, no 
upright spindle is employed, but wooden or cast-iron guides made 
on purpose^ along which the pi^ttern cut-out board is slid according 
to the drawing of the pieced In addition to brickwork, iron wires 
or claws are often interspersed through the work to increase its 
adhesibn. When parts of a mould are higher than that portion 
immediately under the gate, flow-gates are usually adapted to sneh 
parts, by which they may bo relieve^l of the impurities that would 
be apt to lodge there. Such a case is that of a flattish bottomed 
boiler, of which the bottom is hollow externally. 

Our second example of loam mouldings shall bo that of a large 
steam cylinder. At A, Fig. 150, is a side elevation of one; at J> 
is a sectional elevation ; C represents a horizontal section taken 
through the centre of the exhaust steam passage; a a are tlio 
steam passages to the cylinder, hb the exhaust passage, all uniting 
in the face x; d is the outlet from the passage h b. 

It is to be noted that the body of the cylinder is round, while 
the base or bottom flange e e is square, and the face fxf, con- 
taining the steam-ways, is supplementary to the main part, as also 
the stiffening feathers for strengthening the base. J'br these 
parts, then, patterns in wood are made adapted to fit the loam 
work. D and E are front and side views of the pattern of the part 
jf/, having core-prints c c c, for, tlm.Tl^ual purpose of steadying 
,“tbe cores. ^ ‘ ^ 

As the upper flange of a cylinder^ such as the one now de- 
.^ribed, is generally smaller than the; under one, and more exi)osed 
■fo'view,, cylinder is usually c^t in an ini^rted position to have 


flafige solid. Accoi 
' line islbn^^ ifi the 


[ to the method now most 
\ Qt external out- 
ior loam board cut to the 
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iortii on the outer edga Thua, tib#i($6p6 is first constniotod, after 
which it is removed, and on the ^me centre^ the core or interior 
outline is formed by an external loaifi board cut on the inner edge. 
If the cope be replaced concentric with the cor^^they will include 
between them a vacant space, being of the 

cylinder. At F we have repr^ented the of the 

work ; the core-ring ci a\ seen in s^ion, being w'we dimensions 
necessary for the work, is first ,imd down concentric with the 
spindle b\ and levelled oflf tho ground upon blocks.' ||?§fethe arm c', 
[irojecting from the spindle, the loam ix)ard d! ^7 g^^ds 

embracing two arms nailed upon it This board 'l^ut to form 
th(j bearing e' of brick and loam for the core^ the beating^*ing 
also 1)y its sloping edge as a guard in closing the mould, 

Its upper surface now forms the lower side of the cylinder 
flange. The board is then altered as shown at jT on the opposite side, 
so as to form the flange f, which is made simply of loam. This is 
the second stage of the work, and the flange must be dried like the 
bearing before it, to prepare for the next stage. It is necessary 
to Lrm tlie flange singly, to be an additional bearing upon which 
the superstructure is founded. If it were cut at once ont of the 
(*.opo, the overhanging loam must give way. 

The arm e' is now shilled np along the spindle sufficiently high 
f'r the next operation represented at G, Fig. 150. A loam board d 
is cut to the form of that part of the cylinder included between the 
extreme flanges, these themselves, as we have stated, being made 
of loam and wood. The board includes the exterior outline of the 
circular exhaust passage ; and it will be seen that, .when set in 
motion, it touches the flange at the bottom, and a horizontal piece 
1 projects from it to the top, to sweep a flat surface on the cope, 
upon wliich the square flange is to be laid. The arm c' is assisted 
in holding the board, by two pieces of iron at the. bottom, screwed 
together upon the spindte and the board, the cope-ring h having 
bf en laid down upon the core-ring a a\ surrounding the bearing e, 
with a little space between them. The steam-way pattern, shown 
at J and K, is set, in its place in an inyerted position, resting on 
tlie flange i. Its precise p^ition will be ascertained by the loam 
board, which ought to touch it when it passes round, Tlie build- 
ing is conimeneed upoh the co^-ring; and having been raised 
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apoa is be^dod on the. building, lying 

. with » . segment cat oat of it sofficieut to 

‘ patterns ou both sides. Upon this ring the 

^11 near the nnder. side of the exhaust pas- 
ringp' in bedded on the stracture. 


•^etil^gih^P^P^nilj to isdabt ihihe bailding ronnd the passage, 
ai wb^ pla^;^ ib-greate^ip ,4|;meter. Haring bnilt np the height 
cf^passa^ indicated b^vt|||'|Soaid a layer of loam on the top 
''isewept the nppei^ m|e o£^e projection, by means of a 

stidi; naikin£& boardi This forms a parting sor&ce, by which 
the o(^ is;^^ed into twp parts, the necessity of which is apparent 
ou xiBB sidcrihg the method of placing the cores for the exhaust 
paanP^, ' Aft^r blackwasbing the surface, a third ring m, with 
projeotbg snags oo, its iiia, is laid over it, being faced, however, 
with a layer of loam to protect it from the melted iron. Tiie 
bailding* is continued upon this plate till it reaches the top, when it 
is succeeded by another plate n, of a square external form, and 
somewhat larger than the square base plate of the casting im- 
mediately over it. The bailding is finally carried np to the 
horizoatal piece I, which smoothes off the upper surface with loiim. 

^t will be remembered that the mould is, on one side, cut longi- 
tudinally throughout by the pattern of the steam-ways. On that 
side therefore it has to be completed ; this object is attained by 
providing a cast-iron plate, done in open sand, fitting generally tlm 
interior of the pattern, and having three openings, through which 
the core-prints are passed when the plate is applied. It is daubed 
all over tbe inner face with stiff loam, and being set up in its place, 
the loam receives the impression of the face of the pattern. Lastly, 
the square flange pattern is laid over tbe whole, upon the bed 


prepared for it, preceded by the four stiffening flanges, and is sur- 
rounded with additional loam, flush with its upper side, to form a 
bearing ibt tbe top plate. . . > 

; K III the manner thus described, the external figure of the 
; cjliuder , is. formed. The whole m0t!li| |rohi (il^a^ttom is lifted by 
the enugs bn the cope- ring h, off t^5i|^re-r^, upon trhich the 
two. la^w * and i are left. It is c<myij»|^ to a sufficiently large 
drying%>t|'ip thoroughly dri^.; J’'? ^ ' , , 

is ai^^operatii^ easy, as it is 
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ji simple cylinder of brick aiid Jn th^ first place, as the loitm 

iliinge i has foroied its iospression.oh the interior mould under the 
])Iato Ic^ it is of no further use, and is therefore broken away, 
lojiviiijj; the bearing clean to reciseive the cpre, as reprt^jted on the 
n'glit side of that part of the mould shown at is the loam 
l)oaid in its proper position for Je^c^Uing, havi^^ inner edge 
set parallel to the spindle, and diameter df the cylinder 

rojpiired, and simply fixed to the aS^at the top. A cylinder of 
brickwork p is first built up, being everywhere an inch dr so clear 
of the hoard. A coat of loam is next laid on as ustel, to fill up 
the clearance and complete the core. The board and tlie spindle 
being removed, the work is lifted away to the stove, on the core- 
ring (t! n\ by the snugs upon its rim. 

The next business of the moulder is the formation of the 
smaller cores, which are to form the winding steam passages to the 
cylinder, of which there are three; the two supply passages a a, 
and the exhaust passage h. The two former, being of the same 
sliape, may be formed from one core-box, seen in plan and section; 
at 1 1 and I, for such kinds of cores arc usually formed on three 
sido'^, and open on the fourth side to admit the material, which is 
'shaped off on this side by the edge of a piece of wood cut to the 
conlonr of the cor(\ and drawn along upon the sides of the core-box 
;is guides. The core for the exhaust passage is partly circular and 
|.artly otherwise at the eiuls. Its formation is thus more compli- 
cated than that of the other cores. It is made in three parts ; the 
(‘riiire part annular to embrace the cylinder, and formed by a loam 
hoard, and the terminations made in core-boxes, and fitted to the 
oilier. At J is a vertical view of the method of making the annular 
core. It is built upon a portable square table convenient for small 
circular work generally, as it may be conveyed to the stove M th- 
out the necessity of shifting the centre. The spindle Aturns^^f^ a 
conical pivot on its under end, moving in a Socket, is the 

only staying it requires. A block a!' a' is first prepar^, being a 
plain built ring, of whipli ^ .^teri<jr;jBi:|fmoQihed with loam, and 
is made exactly to the the^c^^ to the 

same depth. ITieeore, seeii in is run upon the out- 

side of the bhick: to the.necessa^'^biekEicfe, in the course of whieli 
two wrought-iron angular gro& fA^inibed^d to the core to impart 
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tbeir thickness to it. At V is'^shown the valve-fixce portion of the 
eorc^ of which a/ is the box, in section^ for making it. The round 
ccrre for the short, straight passage d, shown at K, is made of 
loam, being ran up on a short iron centre. ^ 

In the making of these small cores, as in those of green sand, 
it is necessary that they be strengthened with iron rods hent to 
their form, so as to pass thrc||||i|^h the heart of them, and finished 
.with eyes at their outer ext^dties, for locking to the face-plate. 
An open passage running through each core is i'ormed, as in green- 
sand cores, , by laying pieces of cord along the irons. These 
passages are of great importance, as upon them depends the escape, 
through the ojxenings in the face-plate, of the otherwise con lined 
air existing in the mould while the metal is being run. Tlie too 
close proximity of these passages, at any point, to the surface of 
the cores must be well guarded against. In such a case, the 
melted metal in contact with the core breaks into the interior of it., 
and intercepts the air in its escape, which aggravates the evil by 
forcing it into the body of the metal, and thus rendering the cast- 
ing unsolid. The accident even assumes, in some cases, a more 
serious aspect by causing such an agitation in the metal as to 
render the cast utterly useless ; indeed, we have even seen the motjil 
alrefady poured almost wholly expelled from the mould, and seut in 
showers through the foundry, the occurrence being entirely attribu- 
table to an oversight of the nature referred to. 

At L is a side view in section of tlie mode of placing and fixing 
tlie cores for the steam-ways to the cylinder; qq is tlie faco-platt^ 
lined with stilf loam, which retains the impression of the steam- 
way paltfum ; g g are the two cores, the nearer ends of which arc 
passed through the openings made in tlie plate for them, and fixt'd 
thqjg by small rods passed through the eyes of the etiflening irons. 
TliPends ^\e made. with shoulders which bear upon the upper side 
of the pill*, as shoTrn at L, which may be understood from the 
form of the prints shown in section K. The horizontal ptrte of 
the cores are supported at their, proME^distance oflf the loam work 
beneath th^ by steeples stuck into 

The monld and, the cores ^ving b^n .well dried, they are 
dressed mid; smoothed where necessw^, and finished with a coat 
of coal-powder. 
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At K is a vertical section of. the whole mould, showing all 
Mio parts fitted to one another, so as to coiilain among themselves 
tljo vacant space, indicated by a white ground, into which the 
metal is delivered. The mode of depositing and putting together 
tbo mould is as follows: tlie mam core is lowered upon its 
l ings, from which it is never sejiarated^ into a pit dug in the floor 
of the foundry, sufficiently deep to ^eive the core below the sur- 
fi*ce. 'J’Le e^ljaiist-passage core next deposited in its exact 
on the top of the lower part of the cope, being sustained 
ill the usual manner off the core by chaplets made of two pieces 
r,f strong hoop-iron, riveted on the ends of two studs, so as to have 
llio necessary thickness of space. The lower part of the cope 
thus furiiislied, is next lowered over the main core into its place 
upon the core-ring, thus surrounding the core, and containing 
witli it n space bet\\cen. as indicated in the figure. Another set of 
clia])lets arc deposited upon the exhaust core, which, by being in 
contact with the upper half of the cope when plactxl above, prevent 
ilio core i‘rom floating ofi‘ its seaWwhen immersed in the flowing 
metal. This is a matter of greater moment than sustaining the 
core from below, as will be apparent on considering the great 
differences of specific gravities of dry loam and iron. In this case 
ilie upward effective pressure of the fluid metal upon the core is 
]>roportional to the difference of their specific gravities, which being 
so much in favour of iron, the pressure upwards, sustained by the 
(‘Iiiiplets, cannot be much less than the weiglit of a body of iron of 
tlie same bulk as the core. Therefore, as a Si^fe general rule, 
cliiqdds are, or ought to be, made of sufficient strength to resist the 
\v(‘ight of a body of iron equal in bulJ^ to the core, for the support 
of which they are destined. 

The upper part of the cope having been let down into its place, 
the lace-plate, with its cores fixed to it, as shown at, L, is let down 
in front of the vacancy in the side of the cope, till it arrives at the 
juoper height, when it is set close into its place, and the end of 
tlie exhaust core receives fe', through the middle t>peni|^ in the 
plate, and is secured on the %1itside by the eye. The branch core 
d is then set in and supported on chaplets, and over it a ring or 
cake of loam m Z, seen in section In the figure, is placed, being 
strengthened internally with, iron, lih® the cores. The cake 
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ofi l(Mim forms by. ito inner, farface the outer surface of the 

flange " ‘ 

The tiiould hamg all .finished below the. top, the pit sand is 
Twun^ tightly round it, to enable it id withstand the pressure of 
; metah air^vents being provhled in a manner similar to those for 
itbe pan already de8cril>ed. The ^ plate r r is laid on lastly, holes 
being provided in it for the admission of the metal. It is coveriMl 
in with sand, through which: plages arc led up to form the holes 
to the external surface as rumicik 'or gates. 

Fig. 151 illustrates some of the more important points to hi) 
observed, and carefully attended to, in the construction of a loam 
mould for plain cylindrical listings and largo diameter sh^am 
cylinders, such as that described in the foregoing. In this illustra- 
tion it will be observed that special attention is given to the detail 
and general construction of the top plate, and to the formation of 
head piece'’ metal gates, and ninncrs, also the necessary holding 
down or binding arrangements, all of which latter are required to 
be carefully carried out after th^ mould proper is said to be closed 
and completed, and previous to the metal being poured. 

In the construction of the loam mould, Fig. 151, just as in tlio 
foregoing example, a strong bottom cast-iron plate B P, with 
four or more lug pieces S, is placed, as shown in section and ele- 
vation, and on this plate the bricks are laid, coated with loam, and 
the latter swept up as already described to form a hearing, wdiicli 
also serves as a parting face. Previous to the building up of the 
coi)e or outer brickwork shown, a pattern of the bottom llnnge is 
swept upon it in loam ; the lx)ttom cope ring C R is then placed 
in position shown in section, ^ that the entire cope building may 
afterwards be lifted, relaid, apd handled safely. The building work 
in the cope, it will be seen, is only one brick in thickness which is 
strengthened by means of ca.st-iron building rings about f inch 
thick laid down after every fom*tb course of brick is comjdctcd. 
Oth^ building rings arc required according to circumstance?, such 
' foj^pd where the extra broad ^ing B R is shown support- 
ing ible^fficks covered with loam, Oflf^hicb:,^’, formed the upj>er 
flange. ; TC cc^pe being compfetei, if is nq;E^^ be removed from 
its bearing:, before proceeding with wall of brickwork 

forming:fl^^mih core. This inner be observed, has no 
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the cope to resist such, v/e Lave in the core building a continuoiiM 
arch of brickwork, which is the best form to resist tlie comprcsslt)]! 
. or cplUpsiiig^,tendeticy due to the pressure of the licjuid metal as 
the mould IwomeS filled up. It should be observed, however, 
tl^at in this esample, owing to its considerable depth, and t.lio 
corresponding increase in the pressure of metal to be resisted, 
the lower or bottom end of the core building is strengthened by 
forming an extra thickness of brickwork, extending upwards thrive 
cr/urses. The loam skin of | inch thick is now swept over tin* 
brick facing, and the usual finishing processes complete as in tin' 
previous examples. The top part, which is also completed, is now 
laid down in the proper position by means of male and Itmiak* 
bearings shown, ^his top pait, it will be seen, consists of a h(‘avy 
cast-iron plate, having long and broad rectangular sec'tioned spikc's 
arranged all over its under side, and at sufiicient distances apart 
to permit of the addition of bricks and loam, used in the making 
up and finishing of the top part, the spikes being necessary to 
support the brickwork when hanging, as in the final position 
shown, and during the building up of the top part. The requ rod 
number of metal gates G | inch diameter are pitched at 12 inclios 
apart, so that the Uquid metal enters at regular intervals all 
round, and directly over tb^ thickness or <;}'linder wall space, 
in order that it may reach the bottom of the mould in the lir.'-t 
place without obstruction, where it immediately gathers, and 
gradually fills up the mould to lop, as indicjited by the metal 
rising when it appears coming up through the risers arranged 
for that purpose. 

The upper portion of the building in this example when 
completed, it will be observed, is higher than the foundry floor, 
owing to the depth of the sand pit as shown not being safliidciit. 
Under such circumstances it becomes necessary to make some 
special arrangements to raise the sides of the pit, such as by 
means of a series of cast-iron plates all linked together as shown, 
Laving specially arranged hinged eyes and long malleable iron 
pins passing through them, with eyes at^j^ end in order to 
feoilitete their removal when required, * this manner with 
sufficif^^^ates any diameter of pit .may be surrounded just as 
with chain, by reason of whj^i these plates ar(‘ known 
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as (‘hain plates. Tlie space all round between the cope building 
and the walls of the sand pit is filled np with sand to the top 
l)late T^, and rammed hard at regular intervals (by means of 
the rammers of the form shown at A, Pig. 106), in order to 
support and resist the pleasure of the metalt which tends to 
biiist the cope building during the period of liquidity The 
ramming process here is carried out in stages by a squad of 
labourers with rammers in hand, all beating down the sand in 
legiilar beats, as if each were counting one, two, three, one, two, 
throe, &c., &c., a slight break or stop taking place between each 
i‘uc**e.ssive ‘‘three” and “one.” Each stage in the ramming-up 
relerred to consists in refilling over the surface of the 
alri ady teiten down sand by loose floor sand to the extent of 
12 inches, then again beat down to 8 or 9 inches. The proper 
]iardiie>s by ramming or beating of the successive courses or layers 
of sand, is judged by an experienced moulder, who rams and also 
marlvs the time for all the others, the number ranging from four 
to eight, according to the extent of work and available working 
sj)ace. 

The ramming-up process being completed, it is now time to? 
proceed to form the metal-rammer MK and gates Gr shown by 
making up to a sufficient height with black floor sand, taking 
care to bevel that portion intended to receive the liquid metal as 
it dnqDs from the spout of the ladle, while, &n the other hand, the 
bice of tlie opposite inner wall should be vertical as shown; this 
is desirable in order to arrest as much as possible the tendency of 
the metal to overflow, and especially so immediately opposite the 
spout of the ladle, as already pointed out in Fig. 1J8, page lofl. 
To pr(3vent this inner wall of sand being washed away, it is 
str(‘ngtlieijcd with bricks, placed on end as shown, so as to form 
n I'oiitinuous arch or circle. 

lu order to prevent the top part being raised by the pressure 
of metal, it is necessary to have it weighted or held down. 'J'he 
usual practice is by means of a strong cast or malleable iron cross, 
beam C 1 B shown ^iu position. By the arrangement shown, the 
bi iim 0 1 B rests at%ach end oi^top of cast-iron stool pieces G B, 
the latter resting on the cast top plate T P. The upward tendency 
or lift of the plate T P upder pressure is, therefore, timsmitted 
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through these pi^es OB to the cross-heaiu CIB, the latior in 
turu being held and prevented from rising by means of tho two 
long malleAble iron binders B, which reach to the bottop of tlu', 
pit^ and are hooked on to corresponding snugs or lugs S cast on 
bottom plat^ B P for that pur jM5se/ long binders are placed 
and held linked in the position shown 'previous to and during tlic 
filling up and ramming of the pit space as already described. In 
order that the same binders may be of general use, and suit various 
depths of mould, it is only necessary to enitably increase or diminisli 
the height of malriug-up pieces C B. The final adjnstnieiit and 
jamming up in each example is , made by means of iron wedges 
driven between the bottom edge of cross-beam CIB and the iron 
distance-pieces CB, or b^iweon the top edge and binders H. 
Heavy linked chain binders are often used instead of the long 
open link form shown. Everything necessary has now been done 
to carry out the casting process successfully. 

In order to prevent the metal in the runner M li rising to an 
unnecessary extent, an overflow is provided by way of the small 
Ihole H near the top edge of one of the chain pUtes as shown, 
pjoon after casting, and everything so far successful, the renuiining 
metal, while still sufficiently liquid, is run off by tapping or spiking 
a hole in the sand with an iron bar through the hole H shown near 
the centre of one of the chain plates. In this mannrT the surplus 
metal in the runner is^prevented from solidifying into a tiiick mass 
which would he difficult to break up afterwards into suitable sizes 
for charging the cupola. 

In addition to the examples of loam moulding just ro&ured to, 
the castings from which are essentially of cylindrical form, so 
that the various surfacc?s may be swept out by means of sleeker 
boards attached to a vertical spindle os described, and made to 
revolve about a fixed centre so as to produce what is termed a 
surface of revolution, there are many other examples in which the 
procem is very different, such as, for instance, the production of 
rectangular, ovol^ and many other irregularly shaped castings, the 
surfaces of which cannot be describ^ by a revolving sleeker. 

Pig, 152, for example, is an ilj^rafion pf-h straight-moulded 
form two cross-sections, A of different dimensions, 

80 thafe^^f^uires ^o separate sl6e)||pk;ames or boards S B S' L' 
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OS shown, to form the upper developed . snrikces.' Tlie lower 
side of a loam core or pattern constnidted in this manner may 
also be of some special carved or olher fom by soitably forming 
the cast-iron building plate BP or traaplate. In the example, 
Fig. 152, the lower ai|^^ the midded pattmn is carved, this 
form being produced by fptes of specially made bt^dihg plate as 
shown. The sleeker boards S B and. S' B', it will be seen, kre cut 
so that the lower end of each side leig rests on the edges of the 
curved plate, which latter acts also as a gnide for the sleekers 
when being drawn lengthways to form the moulded surfaces re- 
quired as shown. The details of construction with core irons 0 1 
lor strength, venting with ashes E A, and arching of brickwork 
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L B, d:c., are all as previously described, and here shown in cross- 

section. 

This process in loam moulding is also generally adopted in the 
absence oi' suitable patterns for the prodnetion of the larger sizes 
of spt^cial pipes, bends and tee-pieces, required for the distribution 
of gas, water, and sewage in large cities, say, from 18 inches to 
18 inches diameter inside, and consists essentially of first making 
the core, and then, by the addition of a coat of loam Mual in thick- 
ness to the thickness of iuetal required, also any additional wood 
}>attorn-pieces, such as fianges, small bracked or other such sundry 
requirements, we have^a pattern of the castmg required. When 
this pattern lias h^n a^.d and the mould completed, the thickness 
of saiA and other a^ditacnal pattern^pin^ referred to are removed^ 
so that the core, as iB; noW t^y to be set again into the 
mould towards compM^^jlj^^msl^ng ready for casting, . 
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In this j^^ocess the first point is to have a level iron plate set 
upon which the work is to be done. Like patterns, the loam work 
is to be formed in two halves. The cores are executed in the first 
place, and, when dried, the thicknesses forming the exterior of tbo 
casting are next laid on. As alread ^j^ j|&id, the work is done in 
separate halves, for which purpose sei^^^cular cuts are made in 

gauge somewhat similar in form to the sleeker frame S B show n 
in Fig. 152, of which one is smaller than the other, being resj)c‘c- 
tively the measures of the core and of the additional thickness. 

For example, suppose a bend is to be constructed ; a plate is 
cast to the form of the knee, against and along the side of which 
the gauge is moved. • A quantity of loam and brick being now 
built on the plate in the line of the pipe to be formed, the gauge 
in its progress fashions the surface loam to its own form. Wlioii 
the two half cores are in this manner swopt up, they are well drirj 
and blackwashed, after which the gauge is inverted, and additional 
loam is now laid on for thickness, this being likewise shaix^d to 
the form of the pipe by moans of a second gauge or sleeker. Tlie 
, junction of the body of the pipe and facet, which are of diflerent 
"diameters, and of course require diflerent sweeps, is scraped out 
by a file when the loam is dried ; the liead on the end of tlio 
facet is either formed by a pattern applied to the moulding, or cut 
out of the cope. 

. The loam pattern being thus completed in two halves, dried and 
blackened, bound together at two or three places by iron wire, 
and bedded half into a sufficient quantity of old loam and brick 
built over the iron plate. The boundary of the loam is built up 
with fragments of cake loam. The bed being smoothed off on each 
side and dried, a layer of watered loam is applied to cover in tlie 
upper half of the patUrn. • As this upper hilf has afterwards 
to be lifted whole, it requires to be strengthened by the addition of 
irons. 

With this in view the heavy cast-iron top plate is made with 
long rectangular spikes cast along the outer edge, some of which are 
formed to suit the sliape of mould. By means of these the brick 
ll^ucture set in loam is, in a sense^ dovetailed and bound tc^ethcr, 
so that there is no danger of a piece by ite own weiglit 

when siis|^4^ as when the pS and on during 
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iliii fiiiish^g, drying, and other ;^rocesses requiring it to be 
lijuidlcd. 

Tlie building of the work being^iiow completed, the next step 
is to undo it to clear out the . thickness./" The cope is lifted off 
carefully, leaving the rest .;.;^vthe,, work behind it, and this corn- 
]»l(‘t<". separation of the parts is due olgept which the blackening 
and charcoal water are applied. Ih the same way the pattern is 
liifod out from the bed of the moulding. The thickness is easily 
bn)kon off the core, leaving the latter entire; the halves of which 
are next bound by wire, and replaced in , the mould, stayed by 
bearings at llie ends, and by steeples intermediately. The cope is 
replaced, guided to its former situation by intentional irregularities 
on the ji#!ction surface, and is bound by wires laying hold of the 
skditon to the under plate. 

The gate is formed in the usual manner by a pin stuck in the 
(‘(»pe wliiie being formed. 

hi the case of large cylinders, for instance, a few hours after 
pouring, as much of the core as can be reached is brought away, 
^^o that the remainder may offer less resistance to the meiid. This 
ojieiYiiion is much facilitated if the core is supported by strong 
([i:igon.il stays and ties, which can be easily and quickly knocked 
(>{ii of ihoir positions, as the heat is so great that it is impossible 
I'or the men to remain long at work. This removal of the core 
uinst, however, be porformod with great caution, as if an entire 
‘•(•re were removed too quickly, the evil to be guarded against 
would ill fact hf3 increased by the sudden cooliug. 

JIetal Moulds and other Special Methods in Moulding. 

Moulds made of metal arc frequently employed \foy casting tin, 
lead, pewter, zinc, and types. Brass or bronze ndc^lfds are gene- 
rally ])rererred for such purposes to iron moulds, as they do not 
corrode, and retain a better polish. Such moulds are constructed 
on the same principle as sand moulds. If a metal mould is 
<livide(^nto several parts, each part .should be provided with a 
Jung handle to protect thjS hands Irpm the heat of the mould. All 
the parts must be accurateljr fitted, together, and kept in position 
]>y means of lugs and pinS|^;^ by w^gea 
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vOently Wore ponring metal into it ; this 

matata having a low molting 
point, as tiliey ham n<H h^ part with between tho 

melting point and the tempofatare M il^hdification 

PoKA the mould after eacSl^^jBai^^d tub over with a rag and 
oil or tallow so as to. slightly &ce of the mould. Somo- 

timos a Aim of sahdaiach bisai^f np w the white of egg is 
applied, particularly for alloys. / *' 

For single metals pH or fat is preferalde. 

Some few ohjpt^' are cast in open mould, so that the upper 
surface of the fluid metal assumes tho horizontal position the same 
as other liquids. As a general rule, however, the metals are cast in 
close moulds, so that it becomes necessary to provide oiH or more 
a]^)ortures or gcih$ for pouring in the metal, and other apertuilfa to 
allow for the eacape of tho air displaced and the gases generated 
by the inflowing metal ^ 

When these moulds are made of metal they must, except for 
chill castings, be heated suflioiently so as not to chill or solidity the 
fluid metal too hastily; and when moulds are made of earthy 
matters, although moisture is required in their formation, it must 
all, or nearly all, be evaporated out before they are filled with 
molten metal, or explosions of steam will occur. 

JSfoulds consisting partly of loam or sand and partly of metal 
are freqiaently employed. Small wheels, boshes for cart-wheels, 
&c., receive their bore by being cast over an iron or steel core. 
Such a core-iron is a little tapered, to admit of its being freed froui 
tho casting by a. smart blow of the hammer. 

The cai^ing mtist not he allowed to cool down entirely before 
the core is n^moved. It is gonpx^&lly reipoved when the casting 
is hot, but jap far cooled resist the drawing out of the 
core-iron. - v. ' ■ ^ ' ' ' : < 

Many of the difficulties met wflih in casting would be got rid of 
if it was possible to prevent the fi>rmation of gas within the mould 
whilst pounng and afterwards^: ^0. a certain extent the Americans 
appear to have done this. Mfi ^bbitt uses old fire-bric^|||pvhich, 
af to say ten years* service, bai% not changed colour; any fire- 
bricks fpfcpM d^lbured h 

to powder, as the binding 
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material .He thus gefb a of which he 

makes his mould ; this is heaj^ le a>ed. and then rciceires 

the metal whilst re^ hot. ^ It u sud that, na is generated hj 
this process. 

Another Amerioald^ |p>mtd3r from 

Devonshire, and teeats it in' above 
described. 


Qr 2 
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Whebe a very »laj^^j[fimbet of small articles, such as door and 
coffin furniture,; Jiails used by upholsterers, small 

working* parts of agrieultural machines, sewing machines, and tln^ 
like, are requir^, they are almost always plate moulded, l^csides 
its employment in the production of an infinite variety of the small 
ware of the hardware trade, plate moulding has certain advantages 
which recommend themselves to the notice of the rnechaniciaji 
As a matter of common* occurrence, it is well known that in 
I renpbOving the pattern from the sand, much damage is caused hoi li 
to it and'lts impression in the sand by knocking and shaking it, 
in order to get it out. This damage is very much more serious 
in small pieces than in large ones. The mechanical engineer tries 
to obtain all his castings so correct, that there is little or no hand 
labour required for fitting them into the framework intended (dr 
them. This can oply be don^^ in some instances by resorting to 
plate mouldtag w^ere the pattern is in such a position as to d(‘.fy 
injury by shaking; Tliis land of moulding is most essential wlieix^ 
every opening or projection has to be at a prop^tionato distance 
from the other. ^ 

In oommerMnng Jffie opera&n, a pattern or pattern plate of the 
articles to he caist either in iron, wood, or any 

other suitable mlaterial, in manner; — The pattern, 
prepared with an allowance the thickness, is placed upon a 
suiteUe board, set upon a deepjahd solid bed of sand. A moulding 
box, about 6 inches larger than the pattern eyery way, is the n 
placed upon the board ; the pattern being set ffiir in the piddle, 
it is rnpmed up and turned over another solid bed of sand : the 
board is th^ re^cnoved and thn parting oarejp^iy made. The toj) 
part of the.^'^x is then put oh to tho'patt i&eady rammed up, 
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wliicli is the drag; the gate pingi are^ut in suitable places, and 
this also is rammed up, ' i" " 

The two parts; are then separated, aihd a of wood, about 
}j inch thick and 1.^ inch broad, is placed on thefparting, keeping 
ilio pattern fair in the middle. The oa;^|o pf the frame is made 
up firmly with sand, so as' to resist the p^ssure of the metal ; a 
j>ic‘co of iron, the same thickness as the frame^ 2 inches broad and 
about 4 indies long, is placed on each corner, of the under part of 
the box or drag, so that when the top part is placed on it, it will 
bo raised up the thickness of the frame. ' , 

The frame and patterns are then removed, and the ^ould is 
carefully rmished. The top part is afterwards placed upon the 
under part of the box, and the two parts are securely fastened 
together ; the metal is then poured into the mould, and the pattern 
])late is prodSced; this plate is formed with four checks on it, 
whicli are filed and faced to ensure accuracy in the moulding. 
The pattern plate being cast in the manner above described, it is 
cleaned up and fitted to the moulding boxes, the pins and siiugs 
of which, and cheeks iu the plate being all fitted exactly to one 
another. The pattern plate may be used singly, that is, it may 
be turned over with the top part and drag of the moulding box, 
or two plates may be made, the face impression being taken off 
one plate, and the back impression off a diflereut plate. When 
two plates arc used, each plate must be accurately fitted and 
secured to a frame, which may be constructed of wood or iron, 
and furnished with guides, corresponding with the pins and snugs 
of tlie moulding boxes. The pins of the moulding boxes may be 
either simply faced, or steel fitting strips can be inserted into 
grooves formed in thorn by mandrils. 

Another method of preparing what we may term the working 
plates, when the moulding plate is to be made by casting the 
patterns upon the face or faces of a plate, is ta take a copper or 
other metallic plate, the surface of which haiS. been tinned, and 
mould, in an ordinary sand mouldy tho h&li patterns of the artic^les 
to be cast. The tinned plate being placeii iu the mould box with 
the half mould upon it, fused tiu^^ 'or an alloy of tin and lead, is 
run into the moulA There is thfereby produced a nioulding plate 
having on one &CG'the half pattens of the articles to be cast. 
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tnth ^ neoe^a^r"gatieSj” fli6 cast gputterns and gates 
^ tlic tinn^-^ theplatq. .Half patterus 
of tbs may be cast '^ultaneonsly in a 


0^ tbo baif ptiftems simnltano- 


opposite half patterns cast on ouo 

'.]uay‘'l^' nt^ for moulding the half patterns to 
be cast on Ute oppowt0 of the plate. By this means, great 
iM»ora< 7 ' in: the posifa^ patterns on' opposite sides of 

the plate is obtained; : . isg^ons method yns introduced by 
bfessk Chambe(|i^;.anld.Smith. . 

Th^i^f patto^'<tfusttipo& one or on opposite sides of the plato 
may be ijiaAe m iron, instead of tin. In this case, an nneoated iron 
plate is need, ahd on thiB iron plate the half patterns and gates arc 
cast. -After tbO casting process, the plate, vdth the slightly attached 
castings upon it, is plunged for a short time in*a batirof melted tin, 
the whole becomes coated with tin, and the other pattems'aro fir uly 
attached to the plate. 

liVheu the patterns and plate are made in one piece by casting, 
the half patterns are moulded, and. the half mould is placed in an 
open casting box. By pouring fused metal into the open box a 
plate of the reqnired thickness, with tho half patterns upon ono 
&oe of it^ is produced. When the half patterns are to bo produced 
oh opposite sides of the cast plate, two half moulds are taken and 
so adjusted that the distance between them is equal to the thick- 
ness of the plate to be oast. By the casting process a pattern or 
moulding plate k product having the half patterns on opposite 
, sides. , ' 

A, Fig. 163, represfflik a jdan of a metallic pattern or moulding 
plate made in either of ihef whys, described ; and Figs. B and G are 
edge views of the same takeh at^iight angles to one another. The 
]mttein plate is hero represe^,!^ as made with a number of half 
patterns on tqtposite sides, . moulding a series of gas fittings. 
!I%e gates of the hklf pattei^^^ marked a, and l^e core-prir-ts of 
&ose articles which are to ee. Moles mre made at the 
corners of the plate. ' 

In ordw to oUain great the faceci of the moulding 

boxes, which h^against the plate, are planed very truly, 

and in .additilh.|ia the Ordidiili^^^s "and. snugs on tlie half 
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moulding boxes, for bolding'^' &em tightly together dnriog the 
moulding and casting operations, ' fo. th^ comers of the half- 
monlding boxes, holes are m&^'whichialce upon stnds or pro- 
jections on the comets of the Qth?r:hislfinoul^ag box. ’When 
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ilic pattern plate is placed dpop mould, the studs 

or projections take^ into the boleS/,ii| kW corners of tbe palterii 
plate, and the position of. the opiate k . tlieteby ^curately and 
rtvidily determined. When tbe pi^%ia plale ba^ &tis been fitted 
u]K)u tbe half mouMing bos,tbe uppj^rbi^mattiding box is placed 
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Upon it and fixed by the pegs and smigs, when the -sand is rammed 
in and the pattern moulded from the tipper side of the pattern i)lat(' 
in the ordinary manner. 

Having moulded the require jnnmber of half moulds from the 
upper face of the paittem plate, the mouldiDg boxes are inverte d, 
and half moulds are now moulded from the opposite face of the 
plate. \ 

For some articles, such as brass nails, plates with holes in 
them, for the pattern to go through, and also pulled out by means 
of leverage, are much in vogue. 

The expense incurred in the first place in patterns for plate 
moulding is rather large, 'but bo much can be done by the plates, of 
which many dnplicates can be iti use at the same time, that it has 
come into very general nse, as year by year the macliinists require 
better casts at decreased prices. 

The mode of producing moulds by employing a plate having 
a passage through it exactly fitting the pattern, has long been 
practised in England. The plate is arranged on a table, and 
coivered by a box ; sand is rammed around the pattern, which at 
that time is oansed to project np above the surface of tlic plate, 
and the pattern is subsequently withdrawn, through the hole or 
passage. In many cases the preparation of the plate, just descri])ed, 
is expensive, particularly when small cog-wheels are moulded in 
this manner, as the holes in the plate should fit accurately over t lio 
pattern. To remedy tbis, Messrs. Jobson and Eansome introduced 
a plan, by which the opening on the plate is formed soniowbat 
larger than is required for the passage of the pattern, and without 
reference to its peculiar ,contour ; and afterwards, when the pattern 
is in its place, a fusible metal, consisting of 8 parts of tin, 4 lead, 
and 1 bismuth, is poured or filled into the space between the 
pattern and the plate. For holding, or retaining the introduced 
metal securely within the opening through the plate, various plans, 
such as grooves cut into its thickness, will readily suggest them- 
selves to the founder. , . 

One of tlie advantageous pd^S to be attained in tbe successful 
conduct of a foundi 7 , is the facility of carrying on work in tbe 
smallest possible space, and this jfe more particularly the case in 
towns whe|re, jas a'rule, land is especially valuable. Moulding is an 
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opei^ation requiring considerable space, and with a view of limitin’l 
this as much as possible, inoukling machines, for work involving 
iinich duplication, have been extensively employed. In addition, 
such machines effect neatness and cleanliness in carrying on the 
work, and in a measure obviate the necessity for employing very 
skilled labour ; while the increa^ in the rate* of production affords 
the most economical results. 

Such a mode of moulding as that of Jobson’s, described on 
]>agcs o82 to 385, is a stop in this direction ; and another is the 
])rocess introduced by John Downie in 1856 for moulding pipes| 
and hollow cast ware, and applicjible to a wide range of articles, 
goncrnlly of cylindrical or spherical form. 

The. internal pfittern is made separately in core-boxes or other- 
wise in the ordinary maimer ; but the pattern for producing the 
(ixlernal portions of the mould is fitted with a cam, in the form 
of a collar, resting upon adjustable bearings in the framework of 
th(‘ table on 'which the moulding flasks are rammed ; a portion 
of tlie cam is concentric with the axis of the pattern, and the 
rcruainder eccentric so as to elevate the pattern between the 
( dgos of the moulding table, and withdraw it again accurately Igl 
lowering. 

The apparatus employed for this purpose is shown in Fig. 154, 
which represents it arranged for moulding a 28-inch socket pipe. 

The moulding table It has two edges S S of its face, sliown 
(lot led, sha}>ed so as exactly to fit the pattern T, when the latter is 
raised with its axis level witli the edges S, as at D. The pattern 
is iitted with a cam or collar U, at each end of which the portion 
from V to X is concentric with the axis of the pattern, and the 
remainder eccentric. The cam U rests upon the adjustable bearing 
Y, and the axis of the pattern is guided by vertical slots in the 
ends of the moulding table. On causing the pattern to rotate, 
the eccentric portion of the cam, acting on the bearing Y, gradually 
raises the pattern till it bears on the point Y of the cam, when the 
pattern is in its highest position, mth its centre line level with the 
edges S of the moulding table, dbiown at D. The flask Z is then 
})laced on the table and rammed up so as to form one half of the 
mould, and the two faces SS -of the table form the parting surface 
of the mould, being made fair fpi: purpose by planing, turning, 
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other iheatts. The farther rotaticm of the pattern upon tlu! 
conoentne porticm of the earn from. Y. to retains it in coiitaot 
with.the inooid, and thus eleeks, smooth^ or dhisbes the tuould. 
ontil ton readying the point %, the pattw^ B gradually withdrawn 
at E ; the flask Z may then be removed without danger of injury 
to the parting^ junetioa BudOace, ready for closing and casting 
&. the osuad’nianner. . 

■ The Banie principle has idso beeh adopted for making cores 
or internal moulds,, 'by employing a core band made in three 
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portions, two of wLjijh me hinged upon the third ; the centre spindlo 
is fitted with cams of the form above described, which act upon a 
V»pieoe inserted between the two free edges of the core barrel. 
By turning the centre spindlft :ifl^:^-piece is poshed out or drawn 
in, thereby expanding the oord^pd or contracting it as requiriid ; 
by this means the use of strsil^'^^y in core-making is dispensed 
Witil. 
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aro put together, checks/’ mch ^ required in the 

ordinary plans of moulding sucb artide^Ml^l^^;^^ partings 

of the moulds, are by the mth, and 

the ugly scar left by them oii t& casting ib litbiidBd ; and instead 
of the flasks being required in p>ixt piec^io^'li;;^ 
arc sufficient, the external mould beingi' ]ii^b^& two halves with 
plugs inserted for the legs. Cbiisequently several siites of pots 
may be made with the eamo sized flasks ; and whije the plant 
is otherwise simplified and r^uced in cost, inclriaa^. efficiency is ' 
obtained, since by this arrangement little or no diecreiionary power; 
is left in the hands of the workman. . ‘ " 

A moulding machine of most ingenious construction was intro^ ' 
dneed some years since by li. Jobson. It is shown in Fig. 15o, 
A A is the moulding table or bed, consisting of a rectangular 
r.ast-iron box, open at top and bottom, and furnished with a large 
cylindrical axis B B at each end, 6 inches diameter, turning in 
bearings on the side frames C C. The axes are prolonged at the 
ends, and counterbalance weights D D attached to them by arms, 
which can readily he adjusted by lengthening or dibrtening, sO ' 
as to balance the table with the mould upon it, leaving it free 
fo turn upon the axes. The table turns half round, as shown by 
the two positions in the end elevations, being prevented from 
111 ruing farther by stops EE, upo# the ends of the moulding 
table, which catch in notches on the top of the frame C. On 
ibe top of the table A a plate F is fixed by screw-bolts, carrying 
the moulding box G, which is secured upoii it by two inclined 
catches with handles H H, the plate F forming the ramming 
board upon which the pattern I is fixed, and the moulding sand 
rammed upon it in the ordinary way. The machine is diown as 
arranged for forming 8-ineh mortar-shells, the pat|erte:^ bbmg a. 
liemisphere; any other pattern or form of flask iijiti^; :-tiie limits 
of the size of the machine can, however, readily 1^ mlployed, the 
only preparation requisite bemg to fix' each pattern upon a bottom 
j)lato, having bolt-holes to correspond with > &OBe in the top of the 
moulding frame. This arrang^ent is. SO simple, that after the 
machine has been mouldii^ shells, it am ha changed and got to 
work again at mouldiug .railway; articles, within 

ten minutes’ time. 
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As soon as the sand is rammed, the cover plate K is put on 
ilio box, by slidinif it on the inclined ^u<ys which hold it fast ; 
i;lic whole is then turqed over with the moulding , table into the 
reversed position, as in the left-hand elevation ; thii»|being effected 
by the simple pressure of pushing home the^o vet plate since 
the whole is balanced and turns freely upOn the axes* In moulding 
shells, the pattern 1 is then withdrawn from the mould, sufficiently 
to make it ch^ar the sand, by means of the screw mi hand-wheel 
L. A rising platform M, which slides in vertical grooves in the 
side frames 0 G, is then brought up by means oF a lever 0, to 
trvncli the cover plate of the box which is now at the underside, 
and the box is liberated from the moulding plate by releasing 
11 le two catches H II, simultaneously, by means of the second 
handles N N, iixed on the other ends of the spindles for this 
purpose. The whole is then in the position shown by the dotted 
linos in front elevation, and the platform M now docends, by means 
of the additional weight upon it, to the bottom position in the same 
view, the platform being counterpoised by the. balance weights P P. 
Tin; mould is then removed, by sliding it off the platform on to a 
litllo railway jdaced at the same level, and the machine is made 
ready for repeating the operation, by screwing down the pattern 
t(' its ri.elit place, and turning back the moulding table to its 
funner position, ready to receive a second enijity box. 

^J^he principle carried out in this machine, of turning over the 
whole moulding table with the mould and pattern upon it undis- 
turbed, has the effect of saving all the labour of lifting the moulds ; 
so Ibat boys, who are sufficient for all the actual moulding work, 
arc able to complete the process, instead of men being required to 
lift the heavy weights. 

An advantage in average quality of work and saving Of wasters 
is obtained, by avoiding all handling and risk of disturbing the 
niuulds in lifting them off; they simply slide along a little smooth 
railway from the moulding machine to the casting ladle, which is 
fixed 7 feet (5 inches distant from the moulding machine, centre 
to centre. A very important point is also gained, by always re- 
placing the pattern in its first po$iti0ii;, while sUll inverted, tlnn 
]>reventing any particles 'of sand from interfering with the working 
parts of the pattern. It is ap point in machinery applied 
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to 8udb tlie inresent, that it should be arranged so as 

to keep order for long-oouthmed regular work, without 

requirmg or nicety in managen^t, that would interfere 

at all witfi^:^. roughness of mampulation inseparable from such 
work, whe^ .ecipeditipn and econoiny of manufacture, combined 
with accura<gr in the castings, are the objects to be accomplisljed ; 
and the present r^hine has l^n found completely satisfactory in 
this respect. \ The re&ult of the lyorkmg of the moulding machine 
k so succes^uh mould, oonristing of two railway chairs, 

:is readily minute on the machine; and the 

machine is found to keep so completely in working order, that 
the reguk]^ day’s work, of ten hours produces from 1000 to 1100 
chairs, beii%:at Jhe average rate throughout of two chairs per 
minute. This timidity of moulding by the machine necessitated 
special arrangements for casting, which we need not detail here. 

To define the limits of any particular kind of moulding is 
somewhat di^ulf; but some conclusion may be arrived at, by a 
comparison between the plan above described with the moulding 
, machine the ofd system. 

In casting railway chairs by the old system, ft was considered 
a good day’s work to obtain 300 castings from one man and his 
koys, and with the best plan the average does not exceed 480 per 
day. To produce this quantity, the man who rams up the bottom 
box has to lift the following weights : — 


Bottom box , 

Patterus .. .. •• 

Sftnd 

. board .. 

. . ffotal .. 


26 lbs. 
45 „ 
48 „ 

i!” 

131 IbB. 


This total weight of I8t lbs. has to be divided by 2, as the 
box rests upon its edge white l^ing turned over ; therefore 131 lbs. 
divided by 2 65 lbs. 

' : After turning it over the muU has to 


XiU oif tho rammiti^'boiud ' .. 

Draw the pattema ^ 

Carry box fall t>f .. 

; A 





12 lbs. 
45 ., 
74 « 

” 

iseiiMk 
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whicli mnltiplied by 240^ the number of boxes moulded; to produce 
180 chairs, 2 chairs in each box, gives 47,010 lbs,, or more than 
20 tons, to^be lifted by a man during liis day*3 vork. 

In Jobson's moulding machine, by using; the ttt^-over table, a 
man has been known to make from 1000 ; to llOQ chairs per day, 
in producing which he had only to jlifi the box and cover 

plate: — . j \ 

Bottom box •• •• ;• •« :*• 26 lbs. 


Covor plate •• U *• •• •# 

. Total •• .. 65 Iba 


which, mnltiplied by 550, the average number of boxes. moulded, 
2 chaii s in each box, gives 19,250 lbs., or only 9 tons, to be lifted 
in making the larger qna^ty, against 20 tons in making the 
smaller (juautity by the old' plan, the latter requiring accordingly 
about 5^ times as inuch labour in lifting, per chair produced, as is 
necessary with the machine. / , 

As we have seen, ao|ording to the ordint^ the pattern 
halves are placed on a boai’d, the mould box placed^lereupon, and 
the monkling material put in ; the box is then tiimed over, the 
second halves of patterns put on, and the moulding material put 
therein; finally the pitterns are taken out, and the runners made 
for the inlet of the melted metal. The defects of this method are 
tliat the patterns, by constant use, soon become defective, requiring 
constant rojjairs, and that the castings seldom are perfect. By the 
rf'iuoval of the patterns the edges of the mould also become defec- 
tive. and have to he repaired. In moulding toothed wheels the 
repaired teeth become harder than the others, because the mould 
tlien^ is made wetter, and causes unequal wear and tear, and 
consequent irregular working. To obviate this, plate moulding 
is resorted to, but the preparation of the moulding plate is 
undoubtedly expensive. 

According to a novel mode of madiine moulding, one or more 
j)attcrns are cast togetlner with a fiat plate from original patterns 
divided in halves; but with Woolnqiigl^; amd Dehne’s plan, the 
patterns are cast together, with a plate hi^g pivots at two oppo- 
site sides. The original patterns not being divided into halves, are 
first moulded in the usual way^t and Vhen both box halves are ready 
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for the a auitable pattorn frame of the thickness of the 

plate meDmoned, and having the pivots, is laid on one of the box 
hadves, anS the mould of the plate and half the pivot is made I'roiii 
it ; the other half pivots are moulded in the other box half. TJie 
casting then is proceeded with, and the moulding plate bo mad(^, 
after that the pivots have been turned and the casting triraraod in 
the usual way, is suitable for ‘the purpose of moulding from, and 
teqtiires a moulding table or apparatus, which may be of the follow- 
ing description. . . , : 

Fig. 156 is a front' vertical cross-section and end elevation of 



Woolnough and Dehne’s moulding machine. The apparatus con- 
sists mainly of two hollow pillars A A', screwed on to a cast-iron 
bed-plate a, and madedio shift closer togetlier or farther apart. In 
oacli of the columns A A' there is a screw spindle h h\ which can 
be moved up and down by means of a worm-wheel c c' on a spindle 
df which has a handle, or; hand-wheel, 0 ,^ The spindle j)ass(*s 
through stuffing boxes i at the top of the columns. To prevent 
the entrance of sand to the wprmrWheels they are covered by eases. 
The screw spindles bV are also for the same purpose encased below 
in closed tubes. The screw s,pindles 6 5' 'have heads t/f/ above', 
which can turn thereon, and cm be fixed by means of set sert'wa 
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7/1 m. ITiese heads form the bearings for the pivots of the mould- 
ing plate, and also carry tubular casings o o', which enclose the 
upper part of the screw spindles to prevent the sand-dust from 
entering. The moulding-plate pivots can be fixed in position by 
means of set screws pp\ To the inner side of the columns are 
fixed strong plates r t\ which form the rails for the wheels of a 
movable table 8 ; these plates can, by means of their fastening 
screws fitting in slots, be adjusted in their poeifipns. There must, 
of course, be a table apparatus for each width’ of moulding plate. 

In order to describe the mode 
of moulding with this machine, 
the casting chosen is that for 
a sanitary pan as illustrated in 
Fig. 1 57, the moulding plate box 
part, and pattern for which are 
shown in Fig. 158. To operate 
is as follows : — 

The moulding plate h is first 
placed with its pivots in their 
bearings formed in the heads gg', 
tlie one moulding box half is 
then placed thereon, and fastened 
tlioreto by keys or by screws. The 
sand is now stamped into it, then 
tlie moulding plate h is raised, 
turned over on its pivots, to- 
gether with the box attached, and 
lowered again. The plate is then 
loose<i from the box and lifted 
olf. The pattern lifts quite vertically out of the sand, as the plate, 
by moans of the screw spindles h V, can be adjusted exactly ; iwben 
worn tiie^ are turned up a little, so that the worm-wheels come into 
exact gear. The finiahed box half, standing on the movable table 
K is drawn away under the moulding plate and put by. By the 
turning over of the moulding plate h, it is made ready for receiving 
the second box half as the side thereof turned upwards. The 
second box half is then put oti and fastenedjand the process repeated. 

The gates may be stamped into '.the- second box half, but this 

. /i. ‘ 2 G 




Fig. 167. 
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IB not absolntely nece^ry. This method of, moulding can he 
exercised by any intelligent labourer. 

Fig. 16& illustrates a comparatively new type of moulding 
machine mann&ctured by the Patent Sand Moulding Machine ('o., 
. Glasgow, by means of which a complete mould in two halves is 
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prodnced by one stroke of the power piston or ram, actuated cither 
by steam, pneumatic, or hydraulic pressure in cylinder C, and 
made to work under the foUoWing conditions of pressure : — 

, Stoam •• ,*• 40 to 50 Ibe. per stjiutre inch aud upwards. 

Air (pueunialio) ,40 » 50 „ „ 

Wato (liydnwUc) .. ii— ’ tWO " .« 

The adoption of any one of '^ese power systems will of course 
'4epend on cunumstancea. St^in"l^eing genandly^ available recom- 
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mends itself, because no additional expense is incurred outside the 
mjiciiine itself, except for. the ne<^^^y steam and exhaust pipe 
coimcctions thereto; whereas for the other two systems, either an 

cw 
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air compressor or bydrauHo pump, with the necessary receiver or 
ac^cnmiilutor, is required in addition, unless those systems are 
already in operation and therefore more conveniently available. 

In operating this machine the< pattern platd P P, instead of 

2 G 2 
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being mounted on trunnions B, as shown in Fig. 158, is here bolted 
or mounted at one side on the movable, sleeve M S, supported on 
vertical spindle column S at any required height, by means of 
an adjustable collar AC as shown. By this arrangement tlio 
pattern plate P P, it will be seen, is free to oscillate, or move round 
the column -S'C in ^ a horizdntal plane , away from its central 
. 'moulding position as phown to the outside when it is requireJ to 
be out of the way. The moulding process is as follows : — 

1. The lower box part LB and its independent bottom or 
ram plate are both lowered to the position shown, and then filled 
with sand. Previoiis to tilling up, as described, a perforated board 
is placed at the bottom, which serves as a support to tho com- 
plete moulded block of sand when it is removed fiom the fixed box 
parts, U Band LB. 

2. The pattern plate, previously out of the way as described, 
is now swung round into tlie central j)osilion shown. The upper 
box part D B is then lowered until it D sts on the upper face of 
pattern plate, and is now filled with moulding sand as in the pre- 
vious operation. 

In making up the sand at the surfaces, after filling up and 
previous to the ramming process, it will sometimes be found neces- 
sary to have certain portions of the sand surface projecting upwards 
to a greater extent than others, according to the depth of sand at 
these points when the mould is completed. In this manner the 
pressure or consistency throughout the mould is made more uniform. 

It will also be necessary, in some examples, to further strengthe n 
the mould by adding irons as in the variouj^ other moulding pro- 
cesses described, in . order that these mould^ sand blocks may be 
capable of resisting the outward pressure ^|l^he metal during the 
casting process. The mould by this machiife is removed from the 
box parts in the form of cubical sand blocks, which for the purj^ose 
of casting are arranged on the foundry floor in rows. These sand 
blocks have not the margin of strength to resist bursting pressure 
as is usual in ordinary practice in which the moulded sand Kunains 
in the cast-iron box parts until the casting is made and ready to 
be emptied out. 

3. The . foregoing operations being carried out carefully and 
speedily, the sand is now rammed up by compression during the 
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ni)wiir(l moveinent of the ram in the power cylinder C, operated by 
menus of lever LH and In its upward travel the pro- 

jecting surface sand in the^ower box part L touches the lower 
face of pattern plate P P, and slightly compressed. The 

pattern plate, which is free to then ptwhed up vertically, 

carrying with it the upper box partjfU B lying upon it, and also 
filled with sand. These various parts now in coht^t continue to 
move upwards, guided vertically by the columns shown, until the 
sand projections in upper box part U B come in. contact with the 
face of the buffer or top plate TP shown. Anj further upward 
movement of the ram can only be permitted by Iw compression of 
the sand which, it wull be seen, takes place in both upper and lower 
box parts against both faces of the pattern plate P P at the same 
time ; the sand at the joint face of each box will, therefore, take 
up tluj desired moulded impressions, which, when brought together 
in the proper relative positions as when closing, will form a com- 
])leto mould of the casting require. 

The compression of the sand in the lower box part LB is 
obtiiined auiomaticiilly by means of the separate bottom or ram 
plate referred <b, the propei- position of which, when forming the 
bottom of the lower box part L li, is mainhiined by means of a 
s|'ecially arranged frictional grip adjusted by means of hand-wheel 
II W shown. 

4. To remove the moulds after it is rammed or compressed 

to the desired extent, the pressure in power cylinder C is cut off, 
and the contents exhausttd, so that by their weight the various 
2 )ieces referred to begin to fall. The upper box part, however, by 
means of pawl pieces on the counterbalance weight pulley C W as 
shown, is only allowed to drop a few inches clear of the top plate 
T P, the remaining parts continuing to fall until the pattern plate 
rests again on the fixed collar A C. The lower box part L B still 
continues to fall until it also is clear of the pattern plate PP as 
shown. . , ' 

5. The return stroke of the machine being completed and tlie 
various parts separated and suspended clear of each other as shown, 
the pattern plate P P is again swung cltear out of the way as at 
the beginning, and the upper moulds box part T P is now lowered 
down by means of hand lever ^ totil. it rests on the lower box 
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part the two separate moujided impressioos are finally 

brought accurately together. 

6. To' remove the sand blo^;CQh:^mmg the mould just com- 
pleted from^the box partSj^ l^ioh it 'will be seen form a 

portion of the.machine propi||;;the clutch already referred 

to between the lower box pavkX B and the ram (with the movable 
bottom plafe at its top end) is completely released. The pressure is 
now turned on to the |^wer cylinder C. and again the r.im begins 
to rise with 'UfiovabTe bottom in the lower box part which 
"•^wars up againiw^3$^jects the sand in the form of a block, right 
up '-through ^ip^X - parts, whidi latter are made to remain in 
this lower position, either by fixings or by their own weight. Tlie 
block of sand qeoted is of coarse in two halves, accurately closed 
together, ready for the casting process, for which purj^ose they are 
removed and conveniently arranged in rows along the foundry flt)or. 

Pattern phites for this machine are produced exactly in the 
same manner as described in |»ges 434 to 438, except that tlie 
shape of wood frame referred to is that of the patlorn plate PP, 
shown enlarged in Fig. 159, instead of rectangular as is usual. 
The pattern illustrated here is for an ordinary standard cast-iron 
weight of 56 lbs. The following particulars, published by tlie 
makers, will serve to indicate the power niquired to operate these 
machines, also the amount of steam used in cubic feet and poumls 
per mould as compared with the quantity of water used witli the 
hydraulic power cylinder under the same conditions. 


Slsse^ of Moulding 

SOXCB. 

Dopth of 
Buxea. 

Pianicter 
of Sto.im 
or PiH^u* 
matic 
Oyliuder. 

Cubic Feet of 
SU-am nai'd tier 
Mould. 

Diameter 
ot lly- 
^raullc 
Cylinder. 

Amonnt 
i (>l 

1 Wjter 
Used lor 
Mould. 

Hors<'-powet 
required pei lioiii 

iouu4. 

Square. 

Top, 

Bottom. 

1 

lu. 

in. 

In. 

1 In. 

In. 

cub. ft. = lbs. 

in. 

guile. 

11. 1’ 

12J 

13 X 10 


1 «i 

18 

8-52 =t 0•^62 


li 

:00 mouMh — 1 

i 

15 

15 X 15 


1 e* 

21 

,4-80 « O'ttJO 

4| 

n 

CO „ = H 

2P 

2G X 10 


l> 

- .28 


. 6i 

2i 

40 „ = li 

'50. 

29 X 19 

5 

7i 

31 

lO'SO* 1-379 1 

OJ 

3 


32 ^ 

1 

Si X 24 

6i 

r 

1 7i 

40 

18-00 .,s: 5! - 305 

1 

Si 



Intermediate sizes of moulding boxes could of edftrse be adopted 
if consider^ dtharwiso more mii " 
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By means of a small size of ibis machine, tliiee young persons 
are said to be capable pr^||fl^bdueiag from 400 to 800 moulds 
per day. This of course ^lU depmd on the pattern used and ttie 
form of casting required* . J ; - , 



Fig. 160 illustrates another patented arrangement for mould- 
ing, cxtonsivcly used on the Continent and recently introduced 
into tliis country. It is constructed by the Gritzner Machine 
(. 1 )., BnrLich (Baden), In this type the moulding sand is eom- 
j)i\'ssed into the boxes by means of hydraulic power at pressures 
varying from 400 io ir*00 lbs. per square inch, in very much the 
same manner as that described for the foregoing ; the essential dif- 
ler(‘nce in this .form being the particular method of handling in the 
eduction and subsequent rehi.oyai of thh various box parts as they 
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are completed, a separate box part B,P being required for every 
mould, as in oidmary practice. Each bdi is guided accurately to 
m proper position on the pattern plate by means of two guiding bolts 
B B fixed to the latter* The moulding operations are as follows. 
The moulding box p^ B P is placed in the position shown, filled up 
with sand, and then the whole carriage, &c., complete is run along the 
*teils B B, over and above the centre of cylinder C and press-plate P P 
immediately uhderpeath the buffer plate B It, The hand lever L II 
is then drawn and the pressure admitted under the ram, which now 
begins, and continues to rise so as to ultimately press the sand against 
the buffer-plate B S into the desired moulded shape. The hand lever 
L H is now reversed, so that the water exhausts or flows off, and tho 
ram pattern frame P F and plate come slowly down to their original 
position shown. During the return downward movement, the box 
part B P, and sand mould just produced, alter descending clear of th(3 
plate B B, comes to rest on four long lx)lts or disengaging columns, 
one at'each corner, while the pattern plate and frame P F coniiniK? 
to fall until they rest on the carria.L'e frame CF and the whole 
including the moulded box pari are again rolled towards the end of 
the rails B R ready to dispose of the finished box part and rc'ceive 
another moulding box part B P. To maintain the four ])olts or 
columns for holding up the box part, when the mould is completed 
in the desired position, is obtained by pushing the cross bar C J.> at 
the end of rolling frame C F. In this manner the pattern plate 
falls free, so as to obtain a perffct mould, which is now rnadily 
removed and placed on the foundry floor. While one box of sand 
is being compressed as described, the one at the other end of tho 
rails BB can be prepared, so that two men can always in turn fill 
the box parts (each making one half of the mould required by 
means of two separate pattern plates), whilst two others remove the 
moulds from the machine and also put the two corresponding 
halves together, preparing them at tho same time for the casting 
process. In this manner /oar men, it is ckimed. can produce from 
160 to 200 complete moulds in one day of ten hours; each mould 
measuring say 26 by 22 by 10 inches deep. 

In this process it is suggested that the pattern plate should be 
cleaned after each operation by means of a suitably strong blast of 
air 1^ to the machine as shown overhead at A B. 
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CHAPTER XV. 

UOULDlNa THE TEETH OF 'WHEELS. 

The accuracy and perfection of the teeth of wheels are of great 
practical importance in all cases of gearing, and especially where 
large amounts of j)ower are transmitted by them ; and it is requisite 
that the transmission of power should be uniform and continuous 
througli the teeth of the wheels, corresponding to the continued 
frictional contact of the two circles rolling upon each other. To 
maintain this uniform and continuous action in toothed wheels, all 
the tooth throughout the circumference of the wheel are required 
to be precise duplicates of one another in form, size and spacing; 
and all to be placed in a perfect circle round the centre of tho 
wheel. Should these conditions be imperfectly carried out, tho 
essential continuous contact will be destroyed, and a serious intor- 
mitteiit knocking between the teeth will be caused, leading to the 
fracture of the wheel, and risking a stoppage of the machinery. 
Any defective fitting of toothed wheels aiso involves a waste of 
driving power, from the irregular shocks in transmitting the 
power; and, as a coiise<|uence, the wheel will not last so long in 
such a case, owing to tho friction causing extra wear of the teeth. 

In the earliest method of making toothed wheels, the teeth 
were chipped out by hand from the solid edge of the wheel, upon 
wliieli they were set out and shaped to template. Subsequently 
the teeth were formed on a wood model of the wheel, and moulded 
from this model, according to the plan in general use. 

What is called the pitch circle of a toothed wheel is simply tho 
circle whoso diameter is equal to that of a cylinder, the rolling 
action of which would be equivalent to that of a 'tootlied wheel. 
It is the limit to which the wheel approaches, as the tetth are 
indefinitely diminished in size, and ^increased in number, the dis- 
tance of the axes remaining the same. 



458 


POUNDING AND CASTING. 




The pitch of ft ^seheel any quantity within 

certain working jimits, hat it has convenient to employ 

only a given namhcr of standarfyf#Wij#ea of using an inde- 
finite number for the pitch. wheels of the Iar<j;cr 

class, the Values most comnjqnlyr chosen arei, ! inch, I J inch, 
li inch, 14 inch, 2 inches, 24. inches, S inches ; and it rarely 
"happens that any intermediate values are necessary. Below incii 
pitch the values j, y and | inch, are generally sufBcient ; 
cast-iron wheels of lower than J-moh pitch are seldom employed, 
and for machinery of: a less size, the wheels are commonly cut in 
a wheel-cutting machine. This system of definite values for tho 
pitch has this advantage, that it limits the numbers of founde rs' 
patteilfl, though this again is not so much the case where wheel- 
moulding machines are employed. Any others, however, may be 
readily calculated. 

There are various mechanical methods for finding tlie pitch of 
teeth when the number required and diameter of pitch circles are 
given, but such methods are gciiernlly more or less inaccurate, and 
at the same time create a dependence on them, wliieh in effect 
prevents a tradesman doing his work intelligently, by direct appli- 
cation of the simple mathematical relations between tlio radius or 
diameter and the circumference of a circle, which may he slati-d 
as follows : — 

The circumference of a circle = 3*1416 times its diameter, 
i.e. approximately = times its diameter. 

If then we take a cijrcle having a radius = 7 units or inches, 

Its circumference is = 2 x 7 x 3 *1416 = 43*9824 units or 
inches, i.e. approximately 5 = 44 units or inches. 

From the foregoing liguras the rdations between the circum- 
ference and diameter of a circle, it will be seen, may be expressed 
as follows : — 


Din meter of circle^ ^14 7 

Cirftumn.*rence of a circle "" 44 “ 22 ’ 

^ . Rodins of ti circlo 7 i x ^ x 

. CiiSiiitoncu of a = 4i = (approximately). 


So tliat if we take for example a spur wheel with teeth set at 
ouo inch pitch, and the diameter of pitch circle is known to be 
14 inches, then the wheel musi have 44 teeth. 
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Fig. 161 represents a gf aptip wetbod derived from the fore- 
going, the construction is as follows : — 

Draw the line AB ; then .draw BC = 7, and perpen- 
dicular to A B. Next draw' A C,, and the scale is complete. 

For a wheel of 10 teeth lay, off the pitch ten times to D, and 
draw D E parallel to B C, and it will be the diameter of the pitch 
circle D 6 E a. It will also be the radius of a ^Yheel of twenty 
teeth, and half the radius of one of forty teeth, and so on, of the 
given pitch. 

If again the circumference of the pitch circle is given, such 
ns by a statement of the number and pitch of the teetli, the 
diameter of the pitch circle will.be found by simply dividing the 
circumference given by 3 * 1416. 



To determine the proportions of a wheel we have the following 
ernpiri(*al rule : — 

Divide the pitch into 15 equal parts, take 7 of these parts for 
tlic lliickness of the teeth, and 12 of them for its length, namely, 
from the pitch line to the point, and 6i from the pitch line to 
lli(^ root. Make the rim equal to the thickness of the tooth, arms 
cqujil to the same, and boss equal in thickness to the pitch. 

Or by calculation we have 


Pitch X *48 
•Pitch' X ‘8 


thickness 

length 


jof tooth. 


llio following is the mode of dividing the pitch into 15 equal 
parts ns required by the rule i— 

lu the diagram, Fig. 162, draw the line A G, and mark off 
upon it 15 equal parts as required ; draw A I perpendicular to 
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A (/, and equal to the given pitch, then draw I C, and in the tri- 
angle formed draw the 15 parallele to A I, and the pitch will he 
divide ias required. 

From the diagram, to get the thichne® of the tooth, set one 
point of the compasses at 7 in the line I C, and the other at 8 on 
the line A C ; the line joining Ihese points is the measure of ilic 
thickness of the tooth. Similarly the line H, joining the points 
12 in the line 1 0, and 3 in the line A C, is the measure of the 
length of the tooth, and this is equivalent to 5^, equal to .the line 
F, and 6^ equal to the line G*. 



Fig. 162 . 


Fig. 163 is a scale of a still more convenient kind, and ought 
to be constructed on a large size for general use in a workslK'p, as 
it not only saves time, but the wheels made by it are all of tlie 
same proportion of pa]|jj|^* The diameter of any wheel is fonnd 
from it simultaneously with the thickness of tooth, width of spaeti, 
drc. As here laid down the scale is adapted to wheels of any pitch, 
from i inch to 2 inches inclusive, one-eighth the size. 

The metliod of making this scale is as follows: — Draw the 
line AD, and from C draw CD perpendicular to AD. From 
C on the line CD lay off fifteen equal divisions marked 4, 8, 12, 
16, 20, &c., up to 60; as each division represents four loelh. 
Again from C on the line OA draw CA equal to the pitcli. 
Divide the perpendicular line C B into sixteen equal parts, and 
join B A and B D. Through the sixteen points of division on 
, the line C B draw lines parallel to the base line A D, (acli 
terminating in the two sides of the triangle A B and D B. If 
we take it that the base line C B represents the radius of the 
wheel having sixty teeth, also that C A represents the pitcli of 
the same wheel, then each parallel from the line C B to its 
point of termination in the line D B, is the radius of a wbeol 
having sixty teeth of the particular pitch marked on the corre- 
sponding extension lino terminating in the line A B. 
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Similarly the parallels express the radius of any wheel haring 
less than sixty teeth, when zneaenred only to the corresponding 
point in the line joining B, and the divisional point on 0 D, 
against which the number of teeth is found. Thus the radius of 
a wheel of forty-eight teeth and l|-inch pitch is ah = 13*86 
inches. 

For the proportions of the teeth, rim, dro., set off C G (Fig. 1R.3) 
= to the length of the tooth = of the pitch, that is, = the line 



H in Fig. 162, also the thickne^ of the tooth, arm, and rim 0 F 
= jJg of the pitch ; the len|^ of the tooth 0 G, Fig. 163, from 

the pitch line to the root s= of the pitch, that is, the line G in 

Fig. 162. 

This scale may Be used when the number of teeth exceeds sixty; 
thus, for a wheel of ninety-two teeth and 2-inch pitch the radius 
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is found by setting off in the comp^es the whole line C D, and 
also that part of it from C to th<^ ||omt marked 32. For odd teeth 
divide.the first space into 4 as shown. 

^ set off a spur-wheel with thirty-two teeth and 2-inch pitch 
draw a line A B, Fig. 164 ; take A as a centre, and lay off A B =- 
the distance from C to 32 on O D 6f Fig, 168 ; that is = the radius 

of the pitch circle. Through the points 
A and B, and perpendicular to the line 
A B, dpw lines A K and B J. 
From jA the Jmtre, set off the radius 
of the shaft ss A C, and from C lay 
off the pitch A C, Fig. 163 = C D 
the thickness of tile boss ; then with 
the distance 0 B of Fig. 163 in the compasses, set off B £ for the 
length of the tooth from the pitch line to the point ; and in like 
manner with the distance E G of Fig. 163 in the compasses, set 
off B F for the tooth from the pitch line to the root. Again, from 
F set off P G = to 0 P in Fig. 163 for the thickness of the rim ; 
and upon B J set off the width of the tooth, and upon A E the 
length of the boss, draw K L and D L to define the boss. Also 
draw 31 M parallel and s to G E and join 31 and L. H I is the 





Fig, 1614. 


face-bar. 

When the outside of the rim is turned up according to the 
drawing, the next business is to divide or pitch the rim into as 
many divisions as;th^ are teeth required. These divisions arc to 
be carefully mark ^Ml t by lines drawn upon the rim across its 
breadth. There modes of attaching the teeth, either they 
may be fixed Ly screwfi! with glue, or they may be dovetailed into 
the rim. This last is preferable fpr large wheel patterns, and in 
shops provided with a machine for wheel cutting, it is found to 
be by far the most expeditious mode; when the pattern is small 
and of small pitch, the teeth may be simply sprigged on with 
glue. 

The teeth ought to be of hard wood, such as plane tree or leech. 
Bajrwood and cedar are also used, but . plane tree is preferable, at 
least for small wheels. 

The teeth being blocked and fixed lengthways across the rim 
witli glue, pi^es of ^-inch deal are then glue^ botwixt the teeth 
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these pieces ore marked s s in Fig. 1(>5, and iheip nse is to prevent 
the ends of the teeth being. in turning; when the glue is 
dry, the teeth are to be turn^ to tiie length and width required. 
The pattern is then ready to have the pitch circle 0 C drawn 
upon it. 

The circle being accurately and finely drawn, the next business 
is to divide or pitch it into 32 equal parts of 2 inches, that is, 
from A to C on scale, Fig. 163. The radius in this case will be 
v(!ry nearly 101, inch^ thftt'ijtfifom G to 32 oh the scale line C D. 
'I'ho corves of the tee^ Fi^^65, are next to be'fieihHibed. The 
pitch in this instance is ^BO the radius from the pitch line, both to 


# 
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the point and mot of the tooth ; therefore the compass^ opened 
2 inches will describe the curve rp, and placed on a will describe 
the curve r q. From r to c set off the thickness of the tooth = 
to G F in Fig. 163, and describe the curve e t from h as a centre. 
Ifraw in the other curves in the same manner, and when they are 
set cut on one side, square the hnes a(^os8 to the other side at 
four points, taken consec^ively at fright ; angles to each other, 
taking care that on both sides the lines accurately correspond in 
position, otherwise the teeth will twiidi, and neither leave the 
sand clearly in moulding,' nor work well when cast 

The common practical me^ods just referred to for obtaining 
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the carved formailons of the &ces and flanks of spar-wheel teeth 
give only approximate results, aDj| the wheels produced thereby 
will not give the highest efficiency obtainable when tlie curved 
formations are mote accurately drawn, so that the various portions 
of the faces and flanks have distinct mathematical relationship by 
which the relative circular motion or speed ratio is maintained 
constant. The teeth also, when properly formed, as indicated, 
will gear into each other, so that the successive points of contact 
roll on each other. The tear and w^, also the loss of power by 
friction, are thus conmderably reduc^ 'Iliere is, however, always 
a certain amount of friction and corresponding loss even when 
the teeth are so carefully designed, owing to a small amount of 
slip, the extent and nature of which will be better understood 
further on. 

Different carved forms of teeth have been adopted of a more 
or loss special character according to the nature of the work for 
which they are intended. The cycloidal curved forms for teeth, 
however, are the most familiar in ordinary engineering practice, 
and by means of which spur wheels can be made to give the best 
results. 

There are three different kinds of cycloidal curves, each of 
which may tbrm a portion of the required tooth according to the 
following classi^tion. 


Teeth; ■ 

Curve of the Flanks. 

Curve of the Faces. 

' ' / ^ 

la a Btraight rack .. •• 

Cycloid 

Cycloid 

la a wheel or circular rack .» 

Hypocycloid 

Epicycloid 

la ua intcraal circuhir rack •• •• 

Epicycloid 

1 

Hypocycloid 


The three different carved referred to, viz. cycloid, epicycloid, 
and hypocycloid, are desc^bed by a point at the periphery or edge 
of a circular disc, when the latter is made to roll respectively 
along a straight base line, the outer or convex surface of a truly 
circular bam line, and on the interior or concave surface of a truly 
ciroular base line, as shown in Fig. 166.- In each of these it will 
be seen that the curve begins wh^ie the fixed point A on the 
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rollrr circle 11 is toucJiing and by rolling in tho 

(lii'ociion of arrow, is coinpto^ 9 |P^^u said roller circle has 

made one revolution, and tlie<p^tft A agrtin touches the base liiie 
tii the poiip^ 3 ; intermediate positions pf the point A are indicated 
at A\ AV'A*» &c. When thef d^netPr of the rollor circle li 
d(\scrjl)ing a hypocycloid is equal te the radius of the base line, 
the successive points A, A*, A®, of the hypocycloid de- 
s(*rihed will lie on the diameter passing through the starting and 



iinisliing points A and B, so that in this instance tho hypocycloid, 
so to spoak. becomes a straight line, and tho flanks of teeth so 
formed will all radiate towards the centre, rf the spur wheeL The 
efrecti of this is that the thickness of th^ooth at the rot^t is loss 
llifui at the pitch circle, and therefore weak^t where it should bo 
8t]0]ig(^st. In de.signing teeth the diameter of roller circle It 
slioiild never he irreater than the radius of tho pitch circle, as any 
inen^aso w'onld exaggerate the. evil ^tt^t referred to. 

AVhen a set of spur whei^fe jare ;i^uired to be interchangeable 
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^uld be adopted througliout. 
^iireater ' ibe radins of a 
tbitn the sorest wheel 
<S the teeth: pinion 


towaida't^eentie, and 
iraleixed to at the root riicIi 


the d 

If then %e y^ler 

wheelj it mheti, therefor^ 

|>inioa of' tdie traia fliii 
wh^ are therefore 
in order to make up fcnr 
p^ls are usually streuglhe^ by 'shrouding the teeth up to the 
.^meter of pitdimrcle, at,.^ or both ades of the wheel 
-taay be foah^ ecaiy^ej^.y, >' ■ ; • 

• .* A these cycloidal curv<'.s 

eto be easily tiiid shown in Fig. I(i7, 

in which A B is a tenup^te of. i^^^ourre corresponding to 
the {ms er dlromaifeienoe of the pitch circle, and screwed to another 
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bdctfd beU^^S^isf^BBt^ B is also a wood template corresponding 
to a pwtioh'di't^ 'ldller circle with the scribing pointer P, shown 
in the acteif fblltiag oyer the curved edge of template A B in the 
direction the Sitow, and describing an epioycloidal curve whieli 
forms the , profile for .thS &ce of the tooth required. "I’he same 
process is also snitalble for ol;^ining the hypocycloidal curve for 
&e flanks by substituting another, template piece with the pitch 
,.drcle.edge A B concav^nstead of’ convex as shown. 

';y > ?^Be same curves may. also 'be rnedfly developed geometricidly 
drawing the roller circles B-.and B' in Iheir successive pot!ition.s 
at xegi^r intervals 1, 2, '3, 4, etc^ bi^ii^ng in each case at tliu 
poittt contset P, as shorm bdeanse P is the i)oiiit 

where .^e-fl^iand flank centres repre- 
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Bcnting the successive positions^.,^4be rollei circles, it will bo seen, 
lie on the radial lines centre G of the propped 

spur-wheel to the successiyi^yfSpW the pitch 

circle P ' - '>v' / ■[, 

The||Ks8ive points make up 

the desir^ curved fc^m of>td^ viz. : — 

(Y F' along ciroomfcffeiioG of poller circle at U oo ptteh circle PC. 

•i C^ ft jy ’* ‘i\' " ’.S V*--''' / -e^'P 

^The corresponding flank of the tooth sh6^ dotted, 

are developed in the sau^^hianner by causing the . same si2se of 
roller circle to travel along the inside and outside of the pit<^ 
circle P' O'. In special examples two roller circles of different 
diameters may be used to form the teeth, such as, for instance, in 
the present example, Fig. 168, with roller circles B and B! (the 
lat ter shown dotted), then the face A* B' C' B' irf tooth on 
pitch circle P C', and corresponding dotted flank of tooth pitched 
circle P' O', are each developed with the same rollei/^circle R, 
whereas the dotted face of tooth on wheel with pitch F O', also 
corresponding flank 1, 2, 3, 4, 5, 6, 7, 8, 9, of the lajrger wheel are 
liotli developed with the larger dotted roller circle 

Wheels with teeth developed as described with two rolkr circles, 
nltlioiigh perhaps more suitable for special pi^ose^, are not inter- 
cliangcable, such ns when the teeth bf various ' wheels are all 
devdoped with the same diameter of rolling circling. 

In order to follow more closely the relative movements of each 
pair of teeth when in gear, it will be found more convenient to 
(joiisider the pitch circles ? C and P'C', as revolving about their 
respective centres in fhie ^directions indicated by arro^ The 
roller circles li and IV also revolving in the directions indicatetl 
by the small arrows, so tKa|i - the linear velocity at their circum- 
ference is the same as that af^e pitch, mrcl^ F.G and F C' ; the 
latter having imparted their the former by 

friction between the surfaces , at the' point of contact P. The 
relative motion between the rblt^r.. circles R and B', and the piJcli 
c‘ircl(3 r C and P' C'in tbis ^i^. k' tlm same as when tlie 
rollers R and R' tnivel’c^ ;alohg PC and P'C'. 

/'*• '-2 H 2 
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Therefore tite ctunre described oa the revolving disc represented by 
the pitch or circle by a p<^ in the circumference of the 
roller circle B revolving about its fixed centre 0, vrill the same 



Fio. lea 

roll along the stationaiy pitch circje as described and indicated in 
Fig. 1C8. Take, for example, the curved form described by the 
point A at the circumference of rollei; circle B',,Fig. 170; when 
the latter is ayide to revolve about ite. stationary centre O', as by 
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friction at tho point of contact P, between <il and tbe pitch circle 
P 0, t,he curve described on tlifl of the disc represented hy the 
pitch as it levoives paat j©d below tbe reyolving circle 



R', is a hypocycloid, which in this, Fig. 170, forms the flank pro- 
file of each tooth on wheel PC. ^ Suppose again that the same 
roller circle II of the same diaaiiefcef iua B' is made to revolve with 



470 . , f , FOONOIKC AND CASl'lNjS. 

the f«me Imear jelocity, as by contact with tlie outer or 

I wnvex lade of pitch ciixde F^.F^^sihg m ^ diwdaqn indicated 
’ by. arrowy. ^The enm descnlied M of 

. ^ j^h cinde F. <7 .when l>^iag It 

by A- at &e roll^HPom the 

^ .cootMtm pij^dr-Qle P',0' wifi how be au 
j;;epicycl<»d, whicb! is" ^ of face portion of 

eaeh tooth on, wheel faces and flanks of the two 

. 'teetii geatihg mtq,|^f^*}^<^ij^ 3 ^ each developed by tlio 
point B m the ’^e^hiKd«^<i^bri^ about its centre by iric- 
, tional contact .;viTO*ei&Br!‘'the pitch drcle P 0 or,P'C', revolving 
^ in the direction indicated . ibffhe arrows.* The pitch circle P C is 
the base (hrc^ in motion wn^n the curved face of . the teeth on it 
are formed,' jH!i^i'‘'.P' C' the circnlar base in motion when required 
to obtain' this. CQXyeid, form of the flanks of the teeth of spur wheel 
represmtted b^ satd ^tch circle P' C. 

Haying thoh obtained the cycloidal curved forms for the faces 
and qf th<^ teeth in the pair of spur wheels represented in 
gear pitch circles P C and P' C, it will now be interesting 

to Mow the successive pmnts of contact from -the time each pair 
of te^h come, into gear, until they again break contact or work 
oat of gear, b^nt what has been said it will be understood tliat 
the corresponding ipci&ns of the flanks and &ces of the two teeth 
in content at.ibe point. A, are each portions of very short arcs, the 
centres of which tiie pitch point P, and their radius P A ; 
F being the hatan^Wns centre of oscillation when each succes- 
sive pqint on thesii^idotdal curves is being marked off. A line 
drawn at right anglei cic nnroud to these extremely small surfaces 
at the point of <mtaist A> niliast therefore also coincide with the 
radius of said co^e this radius line always passes 

through the pitch point. P, tvhinh is the instantaneous centre, from 
. which each successive jKotioh of the curved fiiees and flanks are 
What has just be^ said ydiih,.regard to the small portions 
egrvo faces at the jx»ht of contact A, applies exactly to 
ea^ artcc^iye pair of surface in contact, ao that the normal 
liuffl tepresmtting the directions of se|ing and reacting forces at 
the successive ^nts of contact must diwaye pa^ through the point 
of con.tact P. ; ,^Pm obliqmty. (^'^ese.pn^ .'lf.i^tce is gradually 
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changing from the direction *>7 contact at the ex- 
treme points A and B nntil. the adjacent teeth which 

lie on thefr reepectire pitch contact at the common^ 

2 )itch p^jUl^^n the .in .line with the tan- 
gent T]^P^pimion it wilt be seen 

tiiat there Is a certain ' ainQt^;f(^^^|^e-jpi^!^t^d8vto pnsb both 
wheels apari The ntax^^,^^i^'i(ioiiret!^ -tlm point A, 
where the engaging also 

at the point''B/wfaeii^‘';t^a.^d wilt' break 
contact. The minimum Is 'dcijhre^|iads tp. the in- 

stant of contact at thev^^^ pdni P,1 where ’^'diiwikml of ^e 
reactions form a common talent T P T as already descnbbd.- 
'i'he snccessTve points in.the curved forms the faces and flanks 
of the teeth in each wheel, it is now understood, are described by. 
})oiiits snch as A and B at the cirenmferenee of the roller 
Ik and It', while these circles 11 1^ and the said points A nn^ B 
revolved about their respect^A^^ed centres .G .and O'. It .will 
therefore now ho clear, from ^wt has been said, tbttl th^ suco^ 
sivo points of contact must coincide with the circjular jnjn^ the 
two ]x>int3 A and B, that is, the path bf contact betwe^Vie work- 
ing faces and flanks of cycloidal teeth coinmdes with the circum- 
ference of the roller circles when these havA their Centres G and O' 


on the line drawn through the centres of both pitdi cardes P C, P C' 
and the point P as shown in Fig. 170. ' Therefore, so long as the 
points of the teeth lie withiq^ their reBpeciive roller ciroles we 
shall have contact betwemi the free aljid. fl^ of the two- adjacent 
tcelh in gear. If, then, we draw the arcs, ^bwn dot(ed;'with the 
radii D A and E B (correspdiding to the. xttflii cf . the points of the 
teeth in the two wheels in 'get^)/^^)^ jdipy cut ^.iw'mrcles 
11 and K' in the points. .B ..and the 

])ath of contact, wWch pBth..ih iKg. 

line APB arc of coptack i|s:.'^nB..:irea^y''itS^rt^ 

simnlv drawing radial' lines throheb'tWi^tS'' AAnd !B from the 


simply drawing radial' lipes throhgb<,tM:P^fr'' AAnd B from the 
centres of E and B.and prodliced Un^ Jhi^|i^lhe eonnsponding 
pitch circles P C and ‘P<7 at « ahd A AP and Pa are 

respectively the arcs approach, itd ]^i^ ’ The^ periods of 
contact may also he expres^'jl^^^;i!k^W^.ipacte as shown. 

In order that ,^^;|iib^i^^, ^^^ ^^jj^^^i^;'continoon6, the 
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BUceesBive |)airs of teeth must continue to be in contaot bc'foro tlie 
preriom pair get out of gear? thf ®.rb of contact should, therelbre, 
greater than tlie pilch' otherwise the motion im- 
parted will be ititertmttett.‘:v'‘^^^^^ , 

If vr6 examiue the of the two/^mPP'ig. 170, 

iu' gea* at the pitch point I*, ^«^he J)d5ht^ o and jp’%^ in con- 
. iimt, abd also when m cout^ at JL ^fhe last point uf contact), it 



will be ob^Esod that face and flank portions 

..which havh been m^c^Mt‘ars notof equal length which shows 
that they do not exactly rbll otot (»ch other, but must havei^lipj)od 
,idong each other to an extent represented by the diffeienco 
(Ay> '-;Ao) shown. This, it trill be seen, represents loss by 
faction, the velocity ratio however betw’een the two wheels in gear 
18. inaiirtained constant throughout the period of contact, and Iheiv- 
I'ore tiifCughoiilt.the. successive revolqtions, so long as the teeth are 
of thp curved'.fqrnia^dcserilied. .. ' . \ ‘ 
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The iirjportance attached to size of roller circle, to he adopted 
\vill he more apparent when essential points of 

ilifitToiice shown in Fig. 171. three teeth, 11, 22, 

and 33, tip curved face and example crossing the 

])itch cirole at the same set byitiignlanty of the 

orking faces and from that of tooth 11 to 

Ihiit indicated by the tooth 33,. "thb latter being, therefore, 
iliickcr and correspondingly ^tron^r at , th0 v 
oiicos are due to the difierenoeiKiu flie siZe of rolJei^: circle, adopted, 
viz. li^, K*-*, and shown. '^Ah|>thm: important differ(^% resulting 
IVoin the variations in the Aape^of^eeth indic^te^ the difference 
iji tlir le ngth of the path of contact, had ih§ corresponding angu- 
kirity or obliquity of the reacting forces at the successive points of 
contact, the maximum effect of which, to push the tw spur wheels 
apart, is indicatf'd by tlie line A P A, corresponding to the tooth 83 
(l(‘Veloped by the smallest roller circle ii®. The paths of contact 
are as follows : — 


— 

1 

Cur-vid Path 
ol O'lituct 

Af.Mxinium 

01»lKiiniy. 

* liollcr 
Circle. 

wiiiri 1 ri 

CPC 

CPO 


21*2 

BPH 

BPB 

Pv* 

31*;5 

APA 

i 

APA 



Ai row W iutlicatos the corresponding direction of motion for pitch 
circle PC. 

Involute Teeth , — Although the teeth of spur wheels are gene- 
rally of the cycloidal forms described, many other terms have 
been suggested for special work. One other form which oalk for 
onr attention here is that in which the faces of the teeth, from the 
root to the points, are curves of the involute form throughput. 

The involute curve is readily describeeV by unwinding a piece of 
cord provhmsly wound on .a circular disc D, Pig. 172.* At the 
outer (md of this cord is fixed a peneil or other marker P, so that 
when unwinding (at the samo time keeping the cord extended) the 


3)MC. Clark's aail tallies. 
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eud of cord or mulcer P ■wiU describe an involnt© curve. TIjc panic 
curve mojr'alio be de8cribj||||r ^ lixed jxdnter P' at the end ol a 
etridg^^ed slip of wooo^W tbe, latter is made to toll without 





Fie 172. 


dip over the dieular edge or cylinder as shown. The geometrical 
coustmotioil of these involute curves is also quite ajiparoiit iroui 
(liagraiU) and needs no further explanation hero. 

In proceeding to describe the proper involute curve for <he 
teetii on wheds W* and W*, Pig. 173, it will bo observed that tli^ 
haae oireles axe smaller, and lie concentric with thoir resi)Gcti\o 
pitch didea W* and W*. One of the characteristics of involute- 
curved &ead idith irhen in gear is that the line of pressure or com- 
mon normal tj^ipugh the successive points of contact lies too 
much out of line vrith tangent through the pitch point P, tlie 
latter of which indicates the desired line of reacting foices, ami the 
tmo direction of motion at said pomi The effect of such obliquity 
of these reacting forces is an excesdve outward thrust, and eone- 
spondingly increased wear on the shaft bearings. When adopting 
toothed geaiing of the involute form it is desirable, in the tiisl 
place, to decide the direction of the common normal refotred to, so 
that the lino passes through the point of contact P at tlic 
most suitable angle, usually 151^® to the tangent T. The lino S' 
represents also the straight {Httii df contact for this form of tool bed 
gear ; from tibe centres 0* and 0 * drop perpendiculars, C* S* and 

S’ as shown, so that these latter become the radii of the requin d 
lese circles for tise teeth in wheels W* and W*, in relation to whicli 
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tlie line S® S® beooines a taag^l'ral S* common to both. In 
1,)iis inanrior it^will be seen. ai^. tii^'^j^t^meters of the two base 
circles G® and 0*.have t^; |^’e' the pitch circles 
AV* and W®. of the whe^:^(^il|lK^H >^ii^iiWfeB 'ah^ for the 
faces of the teeth ai^ of the methods 
iiliciidy })ointed.fip^a^.j^bJ|^ti^1uavlm tire path of con- 
tact is S‘ S*. The depend 
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in gear ; nsnally Soln^hy th^e' len^ Of the. arc of contact. This 
Ixiing stated, and ope h^f meastnpd off so as to cut the tangent T 
on tlio conespohdii)^ t® at a and b, then the 
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exact lengtli of tlie path ofcdotact is foimd to be ecZ by dropping 
lines from these points a and h perpendioolst tojihe line of forces 
and as the points ofvtbe teeth ip the driVing whed are iho 
last to break con^t, it will be seeP’lhat eireles dmwn thrunoh 
the points of the iem most also piei^ ihrotigh the points e and d, 
which, as already decided, limito 1d|ij^ath"^ cbptect. Glearanco 
at the bottom of each tooth fo» 1^‘i^nts of the corresponding 
teeth need not be more than onG^hth'^ the pitch. . 

Two important featnres<;obti^ued byadoj^ing wheels with teeth 
of the involnte fmms are .as3^^%s, viz. That all wheels of the 
same diameter of whiol|"ppducie.the same reg^rity in the 
direction of the aPnOal lines of force S*S‘ through me successivo 
points of contact. wjU wdi'k prop^riy together even when llusir 
cen^s are moved to. various distances apart. This feature, it will 
be seen, is of advantage when the journals and main bearings be- 
come badly worn. The chief objection to the involute form of tooth 
is the increased tendency, by their peculiar reaction, to push each 
other apart, and thus increase the loss by friction, and corrcsjiond- 
ing wesillnd tear of the main bearings and journals, as compared 
with wheds with cycloidal teeth, in which latter the angularity of 
the reactions S* S* vary from the maximum shown until the jiointa 
of contact are on the pitch circle, when the direction is tangential 
to the pitch jeirqle, showing that the angularity at this point is 
zero, so that the tendracy for the wheds to push each other out of 
gear, and aj^ihst main bearings, is nil . when contact is at 
the point P. 

, -■;»;/ ' ' ' BkVXZi WhEBI.8. 

What hah jndi been said the shape of teeth for spur 

wheels applies generally as i^egards the formation of the teeth in 
bevel gearing. Theie however, .other additional points of con- 
sideration with regard to the proper angularity and taper of tooth 
required to give the greatest sfrength and highest mechanical 
ofticiency. ' 

'l.’o set out a pair of bevel wheds, one with forty-four and Ibo 
otlior with thirty-iwo teeth, in accoidanoe with the diagram, 
Fig. 163. \ ' > 
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Draw the lines A and B, Fig; 174, so as to form a right angle 
with each other at, F ; on the line A> set off the radius or half the 
diameter of the lai^e wheel from F to 0, and the radius of tlie 
otlier from F to I) ; and from the points 0 and D draw the lines 
C E and D E perpendicular lines A An4; %;and forming a 



riglit angle at their point of intersection E ;‘>;draw the diagonal 
13, and through the point, E draw G H so as to intersect it at 
right angles. Next lay off the length of the tooth from the pitch 
liTio to the point from E to*a a, and also the length from the j)ifch 
line lo the root, from E to ii, the thipkness of the run from h to c, 
and the width from line through I T)aiallcl to 
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G E, and pti^nbuifuiUa^ A a, cJs, finm tli« points marked upon 
G H to I, so that were ifae^ eontinn^, meet F aa » 

cen^' ; FxOjn a to & is the ole^pi^ point to rim 

^eh the wh^s are workmg to' dih^ „ 

lJ;' 'vAny other . of ; W ont in the way 

descried. twaaitT-eight t«>'tii 

'wiW''Tefniif^’tow 0 ikji^'_^*J^ point E to N, 

. 'I*ig. 174, 8et'oiBr:the.t^d^|!ii|^^^^^al^:ir|te^ and draw the lino 
N at right ,eEiagl«;.^i^^^|^Pp^''^,hieete the line F E npvv.a-d 

' as' before, ^ ^ . 

Harihg G^ot^neil.'tlii^'^^^ty prioi^tij^dimensions 
of the'teeth,;^n,'m'i^h ef a paii^ bevel wh^^HPaccordam-c 
with good (engineering practiqe, we wll now refer more pariiculai ly 
to the methods of obtaining the parjabnlar cnired forms ot ieeili 
which are’ muto to that -alrewiy referred to for ordinary sjmr 
wheels. With these latter it was pointed oat that, other things 
being equal, the most -perfect form of tooth-gearing was that hy 
which the velocity’-ratio was constant If strength wore of litth> 
at no importance, then the ratio of velocities may be made more 
regular by iucrettsing the number of teeth, i.e. by reducing the 
pitch. The extreme limit in this direction is obviously rcaclu'd 
when the; teeth .aie so small and numerous as to present a smooth 
cylindrical sufa^i]^ diameters of which are the two ])itcb circles 
of the wh)^ in 'question; - V With this process of reasoning applied 
to the wii;nddi^ of wheels, we will see that the surfaces 
corr^poni^g letter; when the number of teeth is incimsi d 

to tl^ntm^iiih&^vf^Si^en^ ease parts of the surfaces of two true 

Q JJ 

h|i^e. required, and their heights 
F .wlm their adjacent sides 
^'mg; found the true 
es dm-imlmrough the point 
E, all other, points on the iit^ und flaulc^'k>f,8ac& tooth must lie 
onr.lines drawn through eonc^pbpdihg; p^is in Idie asceriaiiii^d 
euiVed form, and converging to"' f^;^^Dg.<throngb the point I ', 
which ie tha. eopamon ~apex of the qimes^erred to. 'J'o 

obtain iSte ptopisif curved form Guokest portion of 


©ones, the’^^'W; ^ 
pitch of 
such tbsi^ey 
touch eaiw other 
curved form of tooth' '<4 1 
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until it cats the axes A and B |)fc4oced at the points P and Q. 
'J’hen P E and Q E are the tadS of itf two pitch circles from which 
the form of tooth is derin^ bj mes^ of the roller cfrole as already 
described for ordinary spnr-gi^r wli^^, :]^l^j|!|i^'.0^ 
they approach the point of tife 

same size and sha^ at eii^^»P||^^he Q P, as 

those of the teeth in two cpiur wheblsV^^^^u^^n^ Q E and 
P E as shown. ; v,l,^ ■ ' ; 

Whether the form iit adopt^i®e '^f^ld^^!'i^tolote^ 
the diameters of pitch cones, eU<, are ohfrdrted in the 
as that jnst referred to. ■ ' , / 

lilany other methods coili^ named for striking d^t the teeth, 
but for these, the reader had better refer to separate treatises, 
such as Thomas Box’s ‘ Practical Treatise on Mill-Glearing,’ Prof. 
Willis, A. B. W. Kennedy, and others who Imve treated the 
subject, which includes the more advanced and scientific practice 
in respect to every problem which tho founder may have to solve, 
if largely engaged in casting toothed wheels. But generally 
speaking a knowledge of the foregoing curved forma of teeth, 
aud the methods of construction given will be found to assist 
largely in the construction of the various othw more or less 
special forms of toothed gear wheela Take for iimtance screw 
gearing, the difl'erent forms of which depend' on the relation of the 
axes of the two wheels rc'quired. When the two ax^ are parallel, 
tlieii each tooth is set at an angle so that it forms a ^rtion of a 
helix, and if the wheel be supposed broad enough, the teeth will 
ap])ear as so many threads of a screw, similar to that of ad oplinaxy 
cylindrical milling cutter. . The same effect or resnli be 
produced if we have a cona^isg^e number of; 

(such as are used iu 

spindle, with their alternai^ faces lo 

rotate independently aWt their oaitrd wheel 

plate be now advanced bya pOrtain frsoti<m'w th^^|fiiteh, relative 
to tlie next adjat^t wheel plate in i^alir , fflie points or 
other portions hf'theSe teeth wfil in &i8'Xipktsf(K'be made to arrange 
tliemselves in a helical line as ;shd^ ii,. Pig; 175. It will, 
therefore, now he dear thiat jsach spfir wliocl plate 

represents the verti^j^<noe8- .ie^i^n o|f'^' sue^^ helical toothed 
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'wheels ; this shows that the essential difforenc(^. in such wheel.'- 
the particul^ir angle of the teetli lengthwise due to the pitch of 
the helix,' as, compared with square set teeth in ordinary «pnr 
.advantage of helical toothed gear is that it 
1 ! jr.Jreas^n^.of tho Opntinuous contact maintained 


throughout, and‘^'^rrfefipondingly:diminished effects from hack- 
, lasb. \Vith eihif}i^;,holical, or spirah toothed gear, such a.s ilnd. 
shown ai B, it that wJm tho one wheel drives tlio 





Other, it will at the same time tend to push the driven wheel side- 
wise, i.e. in the direction of the line of shaft, out of gear, causing 
side strains which wlicols in general .should not bp, subjecteil to on 
account of their corD}»arative weakness in that d^ection. This 
objection was oveiuome, however, by Messrs. Jaclcsorf-Of Manchester, 
by aiton^ng to have two single helical toothed wheels (one riglit 
and one left ha|id) placed together and formed in one wheel casi ing, 
as illustraM at Q in Fig. 175^ by this mea)^ the side thrust from 
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fli(i right haad helical teeth id, neutralised or balanced by the side 
ill rust from the left-hand belidal teeth; those efforts being equal 
and opposite. Another form <rf is that when the axes 

of the wheels required lie in iiliS^Ont angles to 

oa(;h other, as illustrated in' Pig: be observed, 

forms the well-known worto 0^4 ^ Mere, again, 

the general principles referr^’ ^/will apiply, 
ments between the faces of l&i Rrheel; and that 

]>iirt of the face of the thr^ fiai^ into it, 

are similar to those wheii a siMXr.wheel gears into a straight rack. 
The shape of the alx)vo thread dhd woim-wheel teeth are shown 
])y a section in a plane passing through the worm centre, and at 
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right angles to the line pf worm-wheel spindle centre, as indicated 
in h’ig. 176, are of the same form as that adopted for #te. teeth in 
a spur wheel and straight rack of > the same pitch, \ 

Other forms of toothed; gearfag wheels are fappiflis^ 
moulder, such as for instance, c^hiron wh^h fitted w^ be^h- 
wood cogs or ether material, of sufficient strength work 

wiih less noise than that produced when both wbOell^ gear are 
made of cast iron throughout. The outer rim of .a cog wheel has 
loci, angular holf3s toed all round, and piteb^ ihe same as that of 
i he wooden cogs, to bo afterwards, fitted into tliem ; various methods 
.no adopted for fixing those Wooden, in the proper 

p( 'alt ion. Two of thege iJltisitialtea in 1%. 177, vis5. by means 
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of apeci^l wooden dovetail pieces fitted and driven in tight hetworri 
the tail ends of every two adjacent cogs, as shown. Also the vc^ry 
common method of fixing each separately with one or two 
malleable iron pins (according to the size of cogs) each being 
.driven through .a hole . M floudv bored througJi the projecting I ail 
end of cog, so , that 1®'two projecting ends of the pins wil! 
bear hard up against the inner face pf the cast-iron rim, while tliat, 
portion of the pin pas^&, through the hole bears hard against lli(‘ 
rail end, so that the; in the position shown. 

The same methods!|fcre adopt^ for fixing cogs in bevel gear whee ls. 
Owing to the comparative weakness in the strength of wood, tlu? 
usual proportion as regards the thickness of teetli is sometinu s 
departed from, by making the wooden cogs thicker than the cori e- 
sponding cast-iron teeth gearing into them, the spaces in each being 
of course made to suit 



* 


Jt will be seen that wheel moulding from patterns involves tlio 
necessity of having a separate expensive pattern, for Ciudi wlu r l 
that dijffers in form apd , pilch of teeth, as w(dl as in Jiamrdnr. 
The result has, been a vast collection of toothed-wheel pfiitoin.>, 
to meet the requirements of ordinary trade demands; and lids 
stock . has become so costly^ in the expense of construction an») 
of^he storage space bocupied, that it has led to an objoctioiial)l(‘ 
limitation in the range of pitch of wheels, in order to reduce the 
extent of^ie stock of patterns. The use of wood j)atterns fer 
entire w®iS involvt*s further, the practical objection of liability to 
distortion,. both in the general contour of the v^heel, and in eac!i 
tooth, owing to tlie irregular effects of expansion and conlraction 
in the component parts of' the pattern, as well as the unavoidabJo 
risk of variation in the forms and dimensions of the several loctii, 
in conssequence^f ilie difiereut fipish that each receives. The uu- 
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c. itaiiity, too, attending the drawing of an unwieldy pattern firom 
its mould, and the distortion of the pattern that occurs from its 
h im; in damp sand for a considerahle time, are additional o1)sticles 
io tho manufacture of a toothf‘d wheel from the ordinary wood 
models with the conectness that is 

The only method of overcoming these difltenHies is by employ- 



Fio. 178. 


Fig. 178, and moulding the ^tire toothed circ^mfle;^G^,|j^^ 
tition of tbis^small portion:, by later; devdopSos^^^ 
means for l6wering and raising it, and for '^pi^hjgy 

_ 1 j 1 ^ _• I* le J.I 1 1 1' ‘ 


round the circumference of tJie wheel ai^ so as to 

ohtiiin the same certciinty of accuracy ah is shown by 

;i Avheel divided and cut in a machine, process was intro- 

dn(*ed by Mr. P. E, Jackson, and carried oufr witih greatest accuracy; 
iind until the advent of Hs most valnab]d;:^c^ it may be said 
that no really correct toothed- wheels ^ere;(^si 

''' . ..." 2 x2 





Fw 170. 


Ikdopted ui gear''VrhMl practioo. The two sections at A A und 1 > l> 
STe tbosA adopted uliaost mtiversall^ vben a complete put tom m 
assd, <W aeconnt of the comparative simplicity of the moulding 
process, and also that no cores are required unless the one to iomi 
the ej9, Sectuin A A is that generally adopted for spur -nix ( K 
and B B the arms of bevol ivheels. The H section at (1 ( ' h 
iho form generally sdopted for tl^e arms of wheels moulded iiy 
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riiiidimcs. This latter it H 

(lu, is adopted in oird 
l)v whiuh it becomes desirable 


( of 

f .bjttomise^ ^ 
manner of 
183. 


Jlow 


space 




tlie mould arc sni'iades of reTpltti^f^t 
speaking swept ont by -i. ‘^iiri(i|i^gv 
page 190), as in the case of ‘ 

will thus be left between 
tlierej'ore additional arm 
number of arms. These oof^ 


so as to leave spaces l)etw^' ' • 

m>'S section shown at -v! 

^ The object of G. L. Scqt<f4^|^rmot|tdiug'lD&hi!oni^ i]IiiSt(4Kted,;. 
in Figs. 180 and 181, has Be^lo extend the appli<^^%h of this 
]>r()coss liy the use of a portable machine, of small ;'|[2e and c^. ; 
that can be easily applied for monlding'a' ioothe^wlmeil- in .anj . 
part ol' a foundry. Having moulded onei^wheel, the qj^iue'eah . 
be fixed at another place for n8e,-w ^,jp|it Te^uired -V 
again, in the meantime leavmg the fonhdi^y t^^'eti^'andin the 
usual condition for ordinary worK. It will foundry to 

supply witli rapidity and economy of possess- 

ing the absolute accuracy which results fomr the tiw^.a. machine. 

The pedestal A supports a centre pin it’M^.has aeolltir to 
k ar u]X)n the pedestal, and is provided with a pro^ction that fits ' 
into a recess in the top of the pedestal, whereby it is prevented '' 
Irom turning in its sockei The spindle C' W bdjed to fit on the 
centre ])in B, and is turned to pass np thmhgh the rest of tlto.: : 
upittiratiis, which it supports, as -^own in section in Fig. 181. ^ 
screws S S placed in the ^Indle used to .fix it .'ifiniiltly.^m > 

the cciitie pin B, and this- being secured 
tiniious vertical spindle is obtoined, 
with set screws S S and borei .to ’fit .the for 

the purpose of elevating ;t^^,^amt08 -ab^, .A* 

order the more readily to-bliapt it for icnfil^t broadtlis 


of wheels. One of ihe», collars is ,4iown,,:kt;,^ an^'kaptlier at 
Y in sleekcr-bonrd of 1, 2, 

and ,3 inches in thickness rsspscltyb^^f • j'v" , , , . . 

On the spindle -0 je canti^, ^^.^owU section in 

J<'ig. ISl, and in 
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at tLeir front ends by the ti:ansverse piece F, which forms 
tlio hod for the vertical sliding ram O. The arms E E are secured 
fo tlie head D, in any required position, by four square-headed 
holts pjissiug through slots in the arms, and through ears cast on 
the liead ; these bolts being screwed up, bind the arms and head 
firmly together. The spindle 0 being ^rmly secured in the 
pedestal, forms a stationii^icentre piB^ for .the machine, on 
which the head D is free .to turn ; an^ on ’ the top of the spindle 
is keyed the worm-wheel M, from wliiSi a c^imeotion is made to 



■■ VtQ,lSh , ■ 

t he arms E, by the dividing apparatus shown in Fig;. 180. This 
consists of a worm I gearing into the wheel H, and the change 
wheels J J J, the uppermost wheel being on the worm-shaft;%ud 
ihe lowest ono keyed on the shaft K, which is carried by brackets 
on the arm E, and is provided with a loose collar acting as a 
hearing so that the shaft may be withdrawn for altering the 
change wheels. The swing frame, jL carrying the change wheels, 
is sufficient for two intermediate change wheels if required. On 
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(be sbtift K.i$ fasleae^.a spfiDg; handte M, wbiob fits a slot iu a 
disc ibai^ divided, to gbide tb« workman in the number of tuniH 
to hej^t^ io the shaft. The traTersmg. screw O is carried by 
hradkets on the arm E, and j^es thtbngh the nut N bolted to 
;;the h^tdp, so that by tUfning tiie scfew 0 by the band-whetd at 
. |he end, the su^s are ^oyeddo or o&^||}.stf|^lhe varying diametcru 
■ of wimek'to be jno:aided,^j;-^d":'\, 

On the slide bed ’v^poW. 'sliding i-am (}, wliicli is 

held in by the itt- e^Sclaoh in Figs. 1,80 and 181, 

and a hond-iscrew *ny required position. 'J'b.' 

bottom of thet^ is bored%.re(^ve the angle bracket 1’, which is 
, 'secnred in-it sfei^y pins } to this is attached the segment 
pattmi U .of the wheel teeth to be moulded. The ram is moved 
ap or down by , a hand-whoel Y,, having a worm gearing into a 
worm-wheel,' on the shaft of -Whidi is a pnlley Z ; from this pulley 
two chains pass in opposite directions, the one being secured to 
the bottom of the rum and the other to the top, and kept always 
tight by means of two locknnts. An adjustable brass collar W is 
fitted on the rain, for indicating to the moulder yrheu tbe rum is 
isofidoiently . An eye-bolt is fixed on the top of tbe centre 

pillar 0. of ji wl| i M dliine. for attaching the foundry crane in order 


•to in^te 'the ntbchine. 

Tlld pioc^ of luotilding a wheel with this or indeed any other 
madtine is as fellows. A emre-box for the arms of tbe wheel is 
first prepared, as shown in Fig. 182. Fig. 183 also shows two 
radialboards for btriokUng or sweeping np the form of tbe top and 
bottom the wheel hr tbd sand, which are shaped to the proliles 
of the feo^ aittd,b«bk of' the wheeL , “The top board P in Fig. 18:! 
has on its IdWeyiedlge J^ piipfile of tbe back of the wheel ; and tbe 
hottotn boiKtd;.Qd^^;^|^^ on its upper edge the counterpart profile 
of the back ol and on its lower edge the profile of the 

'fisoe. A pattern 18 abib'made of a segment of tho tithed rim of 
^I^H^liwheel, consisting of two' fee& only, see Fig8. iL84 and 190, 
^^^<9h permits of xn^oulding one space at A tiiuo. 

185 shows in sectioii ii mould: fet spur-wheel with cores 
set to the arms, lop box-part XB,' ahd metal runner M U 
oc^plete'^^y for casting. ' Tbe, 0^ -p W'the m as that 
shown in with iibn gr8ti«g^iGl;^0|l U 

,, .V.. 
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to llioilitate handling arid prereht tlw core from breaking^ up. This 
core, it will lie seen, is made up Vlth engine ashes at the centre, 
to pel mit a free escape for the gases g^^ated when casting. The 
siiud in the top box^pari is si^ngj^mm. and held together bj 
means of malleable br oastdnm '^h beiEt, in order 




Fig, 182 . 


that they may hang on the cross-bars ol ihe bbxj ^| |!t as shown, 
which cross-bars are also made deep for &e 8^^ ; in addition 

the hanging sand in the box-part m'Msb ni^Uy strengthened 
by means of strips pf vvood, in the nnmner descrit^ and shown in 
Fig. 120, page 341. The 'orb86bai8;;B hi the . lower box-part for 
the drag are comp8rativel;|''btO^^V^ with edges slightly 
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bevelled oatwards ; tbis allows a greater depth of moulding spacp, 
besides. €eep l^rs in tbe drag are quite necessary ; because tlie sand 
in it ioes not hang, as in the top box-part ; F L is the foundry floor. 
The moulds proper, ^ shown in the lower box^partj is often made in 



Vid. 183 . 







the sand forming the foundry floor, such as, for ex«ffl e, with tin 
Scott type of moulding machine, Fig. 180. 

A secure and steady foundation for the moulding machine, is 
obtained by sinking in the sand of the foundry floor, in the desired 
situation, the pedestal of tlie machine, which 
is bolted to a cast-iron base plale about 
4 feet square; sand is then rammed solidly 
upon it, and the pedestal levelled so as to 
be truly vertical. Another spiked form of 
pedestal is shown at S P, Fig. 180, which is 
used for fixing in the sand without a base 
plate. The top of the pedestal is placed about 
15 inches below the floor level, this distaueo 
determining the greatest breadth of wliet i 
that can be moulded. The centre pin B ol' 
the , machine is then placed in the socket of 
qiedestal, for the purpose of forming llui 
mould for the bed of the wheel, and also to 
mould the, top box or other arrangoirif iit 
uscmI to cover the mould for casting, by meajis 
of the sttiokling board arrangement shown in 
Fig. 18J5 : the rfest of tlie machine being laid aside for the present. 

In the strickling board arrangement, Fig. 183, is shown Ibo 
1 jse collar Y which is placet} upon the centra pin B, of sikIi 
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ihickness that its upper face is' the same depth below the floor 
level, as the breadth of the rim of the wheel to be moulded; so 
that the back of the wheel is level with the floor, for conveuience 
of iitting the top box on. This lower collar Y is fixed by a set 
and an upper loose' collar X is also fitted on the centre pin 
] > by a set screw, with its upper face , at the height above 
Mjo collar Y as the breadth of the rim of tbfe the lower 

(olLir thus exactly indicates the level of the bed and face of the 
wlieel, and the upper collar that of the back of the wheel. The 
liol(3 is well filled up with sand to the level 9f the upper collar ; 
ami the iron trammel carrying tho top board P is ]^aced upon 
tlio spindle B, and worliod round the collar X, forming a mould 
of the back of the wheel, which is lightly sprinkled with parting 



sand to form the parting for the top box. An ordinary top box, 
ur other sufficient covering, is then placed on, and. irammed up 
with sand ; and the top box is staked in the ordinary mtmner, for 
tho purpose of marking its correct position relatively to the bottom 
of the wheel, by stakes driven into the sand, and fitting by 
tlio side of corresponding ears upon the top: box. The top box is 
Jilted clear off, carrying with it the impression of the back of the 
wlie('l ; which impression is finished by turning the box over, and 
slric'kling it again vuth a second trammel that carries the bottom 
hiKxid Q, A centre is provided in the lop box for this trammel, by 
})i(‘aiis of a loose collar^ in whidi two bolts that pass through 
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the tojp tipe ibstra^ across ^he bars of the box. 'I'hi.s 

l^se.flfflllarr juts the spiDdle B, aad is dmwQ from it with the top 
bm|, &]is: ^mg a strictly accnrate centre. this arrangement 
the ^ntring;'.eolisr eah be rsadily fixed upon any ordinary top box, 
gii^gMBtrmt accarwy.ln^^t^^ moulding, witirout requiring any 
Bpecialibdxes.for the pttrpo^. ^ 

F<h: :the' ef the>.iiii^d the top collar X is then 

removed, and ^e moujd bi^g dug out to the level of the bottom 
collar Y, the sand is.swel^ with the bottom radial board Q, worked 
round upon the bottom collar Y. This forms .the mould for tlio 
lower and outer &cee of the teeth, and finishes the mould ready 
to receive the teeth and the cores for the arms; and as both the 
back and the face of the wheel have been struck from the same 
trammel and the ouito centre, perfect accuracy is d|lmred in the 
wheel. 'W 

The segmental pattern of the teeth U, Fig. 184, is then fitted 
truly square and central, and secured by screws upon the angle 
bracket T of the vertical sliding ram G. The upper portion el 
the machine is then placed npon the spindle B, the trammel having 
been removed and the fixing screws in the spindle are screwed up. 
to mainMu the i^ntol axis continuous through the machine. 'I'lie 
Segm«pl^,pattern U is adjusted by the traversing screw 0 to the 
correct radius of the wheel, measuring from the top of the tooth 
to the centie of the machine. The ram 6 is then lowered to tlic 
level of the bed of the wheel, and secured at that point l)y i\w 
locking ^rew S ; and the brass collar W is adjusted on the lam find 
fixed , by a set screw, to ensure the ram always stopping at 
same level, when lowered for moulding each successive tooth. I’lif* 
locking, screiv S, prevents the ram rising from the pressure of 
ramming the sand. One space of the wheel teeth is then mould od, 
by ramming the sand in the space left between the pattern and Iho 
edge of the mould previously formed by the strickle board. T1 k‘ 
locking screw S being released, &e ram carrying the pattern is 
raieed clear of the mould, and should be traversed round through the 
exact dbtance of the pitch ojf the wheel, by means of the dividing 
handle dud tl»6 change wheels, pretiously arranged for the required 
pitchy ’ ^ segmental pattern is again lowered, and a second space 
moulded W before. ' 
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When all the teeth ^bave been moulded, the fixing screws S S of 
tlie centre spindle are released, and ^be whole machine is lifted away, 
I)y the foundry crane laying hold of the eye-bolt on the top of 
tlio spindle, leaving the mould entirrfy cle^ torsive the cores for 
the arms and boss. The hole in the top of vthe pedestal A is fitted 
witFa cover to keep out the sand, and is 44ien covered over with 
Sand, which protects the pedestal ^,a^nst the the hot 

metal. The centre core for the wheel is adjusted .^ psual from the 
(‘irciimfereiiee, and the cores for the arms are set to their places, by 
iiK'aus of wood gauges showing the thickness of the arms and rim, 
1’lie top box is then put on, to cover the mould, being placed in its 
correct position by stakes previously mentioned ; the gate ox mnner 
is formed, the .box duly weighted, and the whole is ready for 
casting. 

Another good machine for wheel moulding is that invented 
by Wm. Whittaker, Oldham, which is shown in plan and section 
in Fig. 186. 

A is a circular framework cast in one piece, and supporting the 
olli»‘r parts of the machine. B is a circular tabk, and to this 
is Iceyerl a very accurately finished dividing wheel M, containing 
210 teeth, or some other equally divisible number, by which the 
iabio is revolved, and each revolution is divided into the number of 
required in the wheel to be moulded, motion being commnni- 
t'jiled through the change wheels OP, from the handle N, to the 
worm C, working in the worm-wheel 'M. 

I’he dividing wheel M and the worm C are well protected from 
iLe dust and grit, which accumulate in a foundry, and if lodging 
on tlie worm or wheel, would be very injurious to such an important 
of the machine. I) is a turned pillar fitted in.tbisspcket in 
which it slides up and down to suit the depth qf whoet^be inude, 
and siip])orted by the rack E. The pill^vWiU/i^^bli^ obtain 
any radius required^ from the centra J* to iba pifch btia of the 
])a,ttorn T. ^ ' 

F k a horizontal slide, used cbiaSy, in maldng worm-wheels. 
At the end of the slide F k the Tertii^j^die 6, for' towering and 
1 aising the pattern' T to and from thfer^iquid. * 

Having ascertained the be made, it is ne- 

ci'Hsiuy to set them ^qt full a drawing board, 



S'OUNDIKG GmiHa. 




WHITTAKEU’S WUI'XL-MOULDING MACHINE, 405 

ill order to get the proper form of strickling board aud core-box 
for the arms. It is also necessary to draw in full a short segment 
of rim, showing the proper form and fiize of a few cogs. The block 
or sfjgment pattern is made with two teeth only, as with Scott’s 
machine. 

Tlie moulding from two teeth is executed with greater pre- 
(nsioii than would be the case, if the moulding was to be done from 
a jiattem with a greater nUihber of teeth ; because one and the same 
tooth is moulded throughout the whole wheel ; so that with a good 
division wheel, all the teeth in the mould are identical 

^riio next part of the pattern is the strickling board, shown at 
A and 15, Fig. 187, placed horizontally, the latter for bevel and 
llie former for spur-wheok. These hoards are shaped to the exact 
section of the wLeola intended to be made, tlie edge ahe forming 
tlie lower part of the mould, or that part which is to receive tli 0 ‘ 
; and the edge de forms the moulds for the hack part of the 
hrvol, or top side, of simr-wheels, or in other words ahe form that 
]iiirt of mould made in the bottom moulding box, and de form 
i ii;it part of the mouhl made in top box ; the edges c and e foming 
parting surface for the two moulds. The board is bolted or 
S' Tewed to the iron bracket V, through which is bored the hole x, 
to fit on tlie spindle J, in the centre of the macliine. The same 
I'l actet is used for all wheels, as the boards can be detached by 
lakiijg out the bolts or screws. 

The other part of the pattern is the core-hox for space between 
arms, rim, and buss. It is not iKJcessary to enter into anydescrip- 
i,ioii further than that it is used to form the section, rim, bo^s, and- 
sjuic(‘ reqiureu ])et\veoTi the arms of wheel intended to be made, one 
box, as shown in Fig. 1S2, serving for the whole w^heel. 

The moulding boxes to be used with this machine are bored, 
turned at the ioints, and fitted together in pairs, the bottom box 
L oidy being used on the table of the machine. The slides F (3, 
t o which arc attached the whole of the top, j^ttof the machine, are 
holted to the top of the pillar D through the -flange Dh By 
rtjvolving the pillar D, the whole‘of the slides F G aud appendages 
are moved from over the table B, leaving the table quite clear and 
free from all ohst ructions. Tin# box L is then placed on 

the table U. The centres pf the^tftlde,and moulding box are bored 
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one SUM, tho centre spind J, ^?irln0li is dropped into bolJi 
centra n^ pladng. the lK)X03i;tb6 ^ Tbei box ie then filled 
with eertd, and rammed in theimindmy/lea^ for 

iiQing or jikcliag; np the mould wifii n^w lacing eand. 

The stricklihg^ boa^,^ applied; the hole a? 

in the bracket V, to which the strickUn^ board is attached, beiu^ 
bored to fit the centre spindle JT, on iiyhich it revolves, supported in 
the centre by a hoop bn the spindle 'and the edge c, resting on 
the top edge of the box Ji. By moving the board round, the 
Spindle describfes the . proper form of mould preparatory to receiving 
the teeth. 

The segment, dt pattern % is screwed to an iron angle bracked, 
and secured in the socket Z. . The upper portion of the machine 
G Z is then brought in position over the mould and secured ; tlie 



Fig. 187. 

proi)er radius and position being ascertained, the pattern is lowered 
on the sand-bed already prepared by the strickling board. 

Prior to this, the number of teeth in the wheel intended to Ixi 
moulded being found, the operator puts on the requisite cLango 
wheels O P, coinciding with the dividing wheel and the wheel to l)o 
moulded. There is a list or table of changes sent with each 
machine, showing what wheels to use and how to place them, so 
that the time and trouble of the workman having to calculate tljose 
himself iS dispensed With. 

Say, for Abertis a wheel to make with fifty-five cogs, 

he would place them, accordir^ to the table, in the following 
order : — .. . . 


Wo. In Wheel 

.. '"Mi 

Handle Shail^ 


No or tuniB per 
Tooth. 



, .v:. r„:;i 

Rfi.i.i;';.''..,,; ' . 1 
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If the mad line is heavy to “fork, thr?^li ^arge box 

rilled with sand, the relieving sdrew applied io tie bottotii^ 
of spindle J, and the machine will then^work with ease. 

The workman then proceeds ^IHhg jba. the two 

t(‘(d.h in the pattern with sand, and, having the sand 

to suflicient and uniform hardness, be raises the |^ttem from the 
sinid by the hand-wheel H, worldng a j)mioa and which raises 
tlio verti 9 al slide G to wliid% the pkttem is attciph^^ and is held 
wlieii raised by ratchet-wheel and retaining pall. 

'The requisite number of turns iis then made with the handle N, 
and the pattern lowered into the mould by the hand-wheel H, Oii 
lowering the pattern in the sand for the second tooth, the operator, 
slioiild particularly notice, when lowering, whether the pattern tooth 
disphicics or presses too hard on the sand tooth, and if it should do 
I’ltlior, the wheel he is making is too small in diameter for the 
j)iicli and iiumlxjr of teeth intended, and it is necessary to make the 
wIk'cI a little larger. This is very easily and readily accomplished 
by releasing the pillar D in the socket K, where it is secured whilst 
the moulding is in process, and then increasing the radius J T, 
b ig. 1 8 (>. If, on the contrary, it is found that a space is left between 
the pattern tooth and the sand tooth, on lowering the pattern for 
llie second tooth, the wheel is too large, and the radius requires 
ctuilracting. If the segment tooth only just touches the sand tooth 
\Mthout displacing the sand, the wheel is then the proper size. It 
always indicaks, on making the second tooth, whether the mould is 
i iglii, and if it is right, the workman proceeds to lill between the 
two t(;cth of the j){ittern with sand as before, and so repeats the 
operation until the whole wheel is finished. 

It is obvious that by the above process the moulder cannot err, 
for the first tooth will indicate any irregularity, whether insize of 
wheel or number of teeth. , . • 

Having filled in and rammed all the teeth required, the box L, 
coiiiaining the mould, can be removed from machine, and 
v!:u‘C(I oil the foundry floor, and the"''mebchine\i8 
another wheel. It is not necessary to. /Case or even to finish the 
mould on the machine, bnt having >^n;^Ved the, mould entirely 
IVoin the machine to the floor, 'anotb^^oirkman can ^ily finish it 
hy putting in the arm coree, Centre making the top part, 
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and putM^ 'tbe ^xes^^togetlier, whilst some one accustomed to 
working*e machine is proceeding with another wheel. 

The top part or box does not require to be placed on 11 lo 
maohihe at alL . It has a small hole bored through the centro, u\ 
which is; fitted' a spindle, and on this spindle the bracket V lits 
exactly as in the bottom part; the board does not require taking oil’ 
the hraclvet, but both ar6 inserted tcigether, and the e(^ges d a servr* 
the same purpose in the top box that^fe b c did in the bottom h)\. 

Having done this, and iaced up and finished the moulds with 
charcoal or other powdeif^in the usual way, the boxes are ])ut 
together and the monld is ready for casting. 

The use of gear-wheels to effect the regular movement of the 
table in^wheehmbnlding machines has been objected to by some, 
and in Bellington and Darby shire’s machine the use of gcaixd 
wheels is done away with, and their place is taken by adai)ting to 
the table a perforated rim or ring of metal, called the dividing 
ring, which is placed above the periphery of tlio revolving table, 
and arranged to operate in conjunction with a locking device. 
The ring or rim is made to answer the same purpose as lli(> 
dividing plate on a wheel-cutting machine, and to this einl is 
perforated with a series of sets of holes in parallel lines around 
its periphery. 

The table is held firmly in the required poJ?ition by means of 
a screw pin suitably mounted, the end of which engages with 
holed on the dividing ring, and after each tooth of the vflmA has 
been moulded, the screw or pin may he withdrawn, until tlie m xt 
hole in the dividing ring is brought opposite to it, by the turning 
of the table by of the screw and worm-wheel, to be again 
held in position during the operation of moulding the next tooth. 
By this arrangement the revolving table itself is fastened directly 
and securely in position, at a point outside its largest diameter, 
thus giving to it a maximum of steadiness, which cannot bo 
attained by any arrangement of geared wheels. 

The cost of patterns for machine- wheel moulding is merely 
xfominal, compared with the making of whole patterns, and if 
destroyed these are easily replaced. Again, the storage for wliole 
patterns is generally very large and expensive, whereas if made by 
machine the storage will not exceed 10 to 20 per cent, of the room 
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occupieil by whole patterns. Whole patterns are very subject to 
get out of truth by variations of temperature, and it is very costly, 
even if at all practicable, to keep a room at one temperature. On 
the other hand, if the blocks for wheel moulding |(^.out of truth, 
they are soon replaced at a very small cost, ami ii||lels made by 
iiiMcliinery are certainly more accurate them whe^ made from a 
pnttorn. ... .5 - - . 

In Whittaker’s machine every arrangement is very convenient 
and compact, each machine being so constructed that a wheel can 
1)0 made in it from 3 inches jo 12 feet diameter. The workman 
is ill an upright stationary position whilst at work, which enables 
him to work with more power, comfort, and less fatigue than if in 
a kneeling or stooping position, while all his sand, twls, and ap- 
jiliances, being close at hand, he need not move until he has 
liiiisiiod his mould; while so far as can be, the whole of the 
(liviiliug apparatus is in equilibrium when at work, and all the 
inotioii-s or slides, both vertical and horizontal, are in line with 
I he base, so that the resj^ective parts of the machine are true to 
eucli other. 

With this later type of wheel moulding and revolving table 
1 ‘ombined, any number of box-parts each containing a moulded 
ring of teeth may be made, and removed one after the other to 
the foundry floor for completion with the necessary cores to form 
the nrms, <&e., the box is then closed with a correspon^ng half 
mould or top part made separately, or if suitable, bjr another 
moulding machine, each mould is now completed and ready for 
cjisting without disturbing the moulding machine in any way ; this 
is a groat advantage in some instances as compared with the pro- 
cess when tne Scott’s moulding machine is used, Figs. 180 and 181* 
’riuj macliinery or upper portion of which must be removed for the 
]>laciiig of cores, finishing, &c., before it can be made ready for 
casting. With Scott’s machine also it will be seen that the main 
portion of the wheel mould is made in the foundry floor so that a 
toj) box-part only is required ; with the table type of machine again, 
such as Whittakers, Fig. 186, the range of sizes v of wheels which 
f an he moulded is limited to 6 or 8 feet diameter. 

188 illustrates another form of toothed wheel moulding 
♦ See Jingimering^ 12, 1897. 
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formed iu the foundry floor, and therefore only requires a top Lox 
part to complete the mould, the machine being previously remove d 
for that purpose from the central pointion shown to one side out of 
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llio way. In Pig. 188, PP is the foumlation plate beddel perma- 
into the foundry floor. ‘HP is a dee]p ring casting with 
c( ‘utral eye bracketed to the outer riag^ which is tapered to facilitate 



Pio. 180. 


its r(*moval from the contra! position shown when necessary. The 
niouMing jib or arm M A. is traversed radially by means of a screw 
and hauQ wheel H Wv The am .vrprks .iii fiaitably long^gnklo 
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Beatings ^ith loose strips, by means of which the arm, alter being 
accurately adjusted to the radius of wheel required, is finally held 
so as to prevent any tendency to tipping. At the one end of tliis 
moulding arm M A is fitted necessary mechanism for the 
vertical movemenjb of the teeth pattern block. The rotating worm 
and worm-wheel mechanism by which the pattern block is accu- 
rately pitched after each tooth mould has been completed, in lliis 
machine is somewhat similar to that in Whittaker s machine. Tho 




BEVEL WHEELf OOUaiE HEUCAL) 
Fw. 190, . 


▼ainous pitches of teeth being oh- 
twned by means of change spur wlicels 
S and W, operated by the small hand 
wheel H, 

Another type* of toothed wheel 
moulding machine, Fig. 189, designed 
by Messrs, Urquhart, Lindsay & Co., 
Dundee, consist of a permanently lix(3(l 
column mounted at top end with a jib 
arm having deep eye bored out, bv 
means of which it can rotate horizon- 
tally. The vertical spindle which carries 
the necessary pitch rotating gc'ur. aHo 
cross slide at bottom end for pattern 
block has no radial movement. This 
machine may be used either for making 
the lower or main portion of th(i mould 
n the foundry floor, or in two part 
boxes; in any case each mould remains 
in its original position, while tlie jib 
with its moulding spindle and otlu r 
mechanism is raised out clear of iho. 


mould and swung round just sufficiently to give the desired space 
for another mould or box part. This process is continued if noec s- 
sary until the jib, &c., has made a complete revolution about tlm 
permanent column which supports them. The number of moulds 
that can be made in this manner without blocking up or in any 
way stopping or changing, will, of course, depend on the size of 
the box parts, and also the circumference of the circle described 


• See ICngineeringt March 26, 1897. 
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l)y a point at the centre of the spindle conveying the rotating and 
oilier mechanism. In many cases the .amount of space around 
the central spindle as indicated, will be sufficient for the number, 
of iiioiilds completed in one day, 

\y swinging the jib round clear, 

IIS described, crane power may be 
easily applied lor easier handling 
of lieavy box -parts. 

Fig. 190 illustrates some of 
the standard types of tooth pat- 
tern blocks in general use. The 
Qsual practice is to liave two teeth 
as shown, but three or^ more teeth are sometimes adopted according 
to cireunistanees. S[)ecial care is required in selecting the kip^: 
iiiid quality of wo(k 1 used; yellow pine blocks with mohoganjr; 
pieces dovetailed across the breadth of the face, or as showu^^. 




Fig. Itii"; the tcidh should be carefully drawn as alipady de- 
scj ibecl, so that when cast they may have, the teqiiired curved 
faces and Hanks. - 

In order to avoid the great cxpen$e; of ‘patterns for spur-gear 
wheels, when a suitable *wheel mbaldihg maohine is not con- 
veniently available, a vei:y good jtnethod is that of sweeping up 



, roUNl>lNG ANJ) CASTING. 

m :1^un in a mmilar luaaner to that descrik'd as |»aii 
of, 0( toothed wheel moulding by machinery. The 

rim being formed’ in the castings by means oi a 
MtaUe Bimahw of segmental cor^ made in a Wooden core box. 

Aown in Fig. 191. The circular outer edges 
, hf these '«M?e:iBegmeu^ project beyond the tips of the teeth to an 
extent that'conespmids exaQtiy to the drcular. bearing formed at 
the outer circumference of th^monld, as shown in Fig. 1!)2. Tlu- 
. arms and boss bgii^ fomed by. means of cores, as already descrilx d 
a4d iIlu8trate|!;&.'Fig%,l^ mifil,185, or other means according to 
the diape of -theiW iajraire^^i " 
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CHAPTER XVLv.,: 

CHlLL-CABTlNa 


( 'htll-casting converts into white iron the outer skin of a casting 
in.Htle iVorji certain qualities of ca^|||^n; the depth to which this 
ait oration extends is capable of b^||ri6gulate(l. This white «ist 
ijon is very hard, hrittlje,, and crystalline, and scarcely differs in 
]»hysic}jl properties frotJoFsteel, except thait it cannot be “ tempered/’ 
111 tliis case the ^Yhole,,or nearly the whole, of the carbon contained 
in the iron .is in a state of chemical combination with it; whilst in 
the darker irons most of the carbon is diffused throughout the 
iiwiss in tlie form of small particles or scales. 

If the cast iron contains a large proportion of manganese, the 
Miiiount of combined carbon may be as much as 10 per cent, but 
oniiiuuT pig iron seldom dlintains more than 5 per cent, of coin- 
hiiiud carbon (see Tables I. toVII.,page^ 12-15). These particles 
of uncoinbiimd carbon must, whilst the metal is in a melted state, 
be combined with it, for being of n mucli less specilic gravity, loss 
tliMii half, if they wore floating about in separate particles, they 
would necessarily come to the surface of the metal. 

If a tliin vslieot of grey cast iron is rapidly cooled, it becomes 
wljit(‘i\ tljiit is to say, a larger proportion of its carbon is held in 
cluMiiical combination. White cast iron may also be obteined from' 
gi’ry iiig, by alternately melting and cooling it in the ordinary 
inamuu* (see pages 53-56). When it is desired to obtain a white 
iron direct from the blast-furnace, the proportion of fittl is reduced 
ib«‘lo\Y the amount usually allowed for the same quautity of ore and 
/bli:st, if a good grey iron were requir^j . . , 

'Jdiese fards explain the resuI^ Whi|i aie obtained by the pro- 
cess of “chilling” a casting ^ to of the casting is in 

coniact. with the “ chill,” is, for distance in, conveitod 

iwU) a liard white iron, whilst tl^Xi^eriw Of the casting will 
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reamin ^ general nature, as to colour aud toughuesH, ns 

the pig w^ich it was cast The sudden coolihg of the mobi\, 
prevents carbon near the outer portion from separat- 

ing, wher^' the cooling of the inner porticm of the metal being 
more gradual, allows it to resume its normal condition. The sus- 
pended pftticlea of carbon which are held in the metal near the 
exterior of the casting, are supposed to be forced inwards into tbo 
interior, or still fluid portion, of the casting. 

' All, or nearly all, the carbon in the chilled portion of the cast- 
ing is therefore in chemical combination with the motal, whilst ibat 
in the interior remains sufflggded as separate atoms or swiles. 
Such is the generally acceJiPP theory of chilled castings, which 
may indeed be open to objection; the practical result is, however, 
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A good example of the form of chill-moulds is shown in Fig. 1 
which represents a chill-mould in which ii railway wheel is cast . 
It consists of three boxes. The lower is a box of common round 
form, merely to hold tlie sand and give support to the centre core 
and the middle box. The upper box is of a similar form, also 
round. The middle box 1 1 is a solid ring, cast of mottled ii*on. 
and bored out upon a turning lathe, giving its interior the reverse 
of the exact out^ form of the rim of the wheel. This middle box 
ought to be at least as heavy as tlie wheel is to be after casting, 
aud it is preferable if it has two or three times that weight. All 
the three boxes are joined by lugs and pins as usual, and the latter 
ought to fit well without being too tight. The chief difficulty in 
easing these chilled wheels, is to make the cast of a uniform st.raiu 
to prevent the wheels from breaking, and wheels with spokes or 
arms are vefy liable to this. 

At present most of these wheels are cast with corrugated 
discs or plates; in this way the hub may be cast solid, and the 
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wheel is not so liable to be subjected, to an unequal strain in the 
metal as when cast jwith spokes. In such plate-wheels the whole 
space between the rim and the hub is filled by metal, which, 
however, in most cases, is not more than f inch or 1 iuch thick. 
The rim of a gpod wheel should be as hard as hardened steel at 
its periphery, soft and grey in Its central parte.^ The first 
i requisite is more safely attaint by having a beaVy chill ; but if the • 
I chill is too heavy, the inner parts are apt to suffer from the cooling 
[qualities of the Chill, 'Success in this branch of founding de])ends 
] very much on the quality of the iron of which the wheels are cast* 
Soon after casting such wheels it^^drisable to open the" mould, 
and remove the sand from the (^t^Pportion, so as to make it cool 



Fig. 194. 


I'aster; this precaution saves many castings, not only in this 
j)iirticular case, but in many other instances. Uuifurmifcy in 
cooling is as necessary to success as good moulding. 

Chilled rollers are the most important examples of ^ chilled 
ciistings. The mould for a chilled roller consists of three parts, as 
sljown in Fig. 194. The lower hox of iron or wood is filled with 
‘‘ new sand,*’ or a strong composition of clay and sand, in which a 
wood pattern is moulded, which forms the coupling and the neck 
of the roller. The middle part of the mould is the chill, a heavy 
iron cylinder well bored. The upjier part of the mould again 
consists of a box, but is higher than the lower box, so as to make 
room for the head in which the impurities of the iron, sullage, are 
to be gathered. The two box^ with their contents of sand must 




b08 


FOUNDING AND CASTING. 


be well dried. In some establisbments tlie two ends of tbe roller 
are monlded in loam, over tbe cliill, to seenre concentricity of 
roller and eonpliug; but this can be quite as safely arrived at by 
fitting the ears and pins of tbe boxes well to the chill. 
chill is the^^impprtant part in th^s^ mohld • 
ft far^ fesiyy is to be cast j’n it, and 

f provided with wrouglit-iroh h(^p? to prevent its falling to 
I for it will certainly crack ifnot Uiade of. very str ong: cast iron. 
[The iron of which ,a-obilI is east^is to be strong, fine-grained, and 
I n ot tog hon, is ;t6q bad a conductor of heat ; it is 

I liable ■Smelt with the that ^ inakes a good roller will 

! niake a good chill* The ij^^Wthe mould is blackened like any 
(dber monlS^ but the blackening must Ije stronger than in otlirr 
oases, to resist more Ihe abrasive motion of tbe fluid metal. d1ie 
Icbill is blackened with a thin eoatincj of very fine black-lead, 
|n]^ e d with ^jtbe .^ purest kind of day ; this coating is to be very 
ubin, dr it will scale off before it is of service. 

The most important point in making chilled rollers is tbe mode 
of casting them, and the quality ofj^n used. To cast a roll(‘r, 
whether a chilled roller or any othi^drom the top would canso a 
failure. All idlers muaWba cast from below. It is not sn/IiciiMit 
to conduct the iron in below ; there is a particular way in whi(0j ibe 
best roller may bo cast, for almost every kind of iron. The gf iici al 
mode is shown in Fig. 194. In 0 is represented the cast-gate and 
channel, as it is seen from above. Tiie gate is conducted to the 
^ lower journal of the roller, and its channel continues to a certain 
distance around it.. It touches the mould in a tangential dire ct i.ai. 
In casting fluid metal in. this gate the metal will assume a rotary 
motion around the axis of the roller, or the axis of the niouL!. 
This motion will carry all the heavy and pure iron towards liui 
periphery, or the face of the mouldj and the sullage will concen- 
trate ill the centre. It is a bad pl^ to. load the current of hot iron 


upon tlio chill for it would burn a hole into it, and melt chill and 
. rblf^.iu that place together. The gate must Ije in the lower box, 
in tfe^Sfind or the loam mould. \ The quality of the melted iron 
mbdi^iij some measure ihe form qf, the gate; stiff or cold iron 
requires U rapid circular motion, while fluid* thin iron must Inivo 
less motion, or it in liable to adher$^;^;^^ The roller must 
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1)0 kept in the mould utitil perfe^itlyjBOol, hut the <?ooliug may be 
luicoloratecl by digging Mjp the Sand a35dtiitd>.the chill. ‘ 

As an instance of the very ;0lfect of chilling, maybe 
pitcd the chilled cast-iron railway chairs, iute^ted about tvrenty-five 
years ago, by E, A. Cowper, which speedily came mto,v®ry general 
use. As the inyention was simply a cheaper inode bf producing 
hotter castings, it may bo described in: a very few words. 

The importance of a railway chair being a strong, accurate, and 
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soiiiiil citsling, umst at onca bo apparent to every mechanical maii ; 
iis the Cailuro of any one of these on a lino of inilway may bo 
aiiendeil 'with most serious consequences. 

On referring to Fig. 195 it will be ^een that A A is tbe iron 
j atteru ; (he inside of tlie pattern is not tHe sliape of tbe intendc-d 
chair, hut the edges of the jaws Me provided to receive cast-iron 
cliill-ldiites, r> and C, which are made* so as to give the re’qnired 
form to the inside of the casting. These ebJ^Mates are (h)tt(Hl in 
lire mould, and they are ailso shown ^parat^j^nd in section. 
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The pattern teing placed in the moulding box ns shown, the 
chill-plates were pbced therein, one in contact with each jaw of 
the pattern. The sand was thrown into the box, and some of it 
rammed between the chill-plates, thus effectually securing tln'ir 
close contact with the pattern ; the remainder of the sand was well 
rammed in until the box was full. The box and its contents wei o 
then turned upside down, in the usual way; the pattern sligliily 
rapped, and afterwards withdrawn, by means of a screwed lifting 
pin ; the chill-plates being left in the sand, formed a good gnido 
to the pattern as it was withdrawn. The top box was put on, 
having previously been rammed up on another board, technically 
called an “ odd-side hoard ; the melted metal was* then ponrt'd 
in, and the casting was complete. As soon as the metal liad 
thoroughly set, the casting was turned out, and thej chill-plalcs 
dropped out of themselves. On the finished chair shown in 
Fig; 195, DD are the two portions that are cast in the chills Ji 
and C. 

The chill-plates were simply good castings, made from an iron 
pattern, not filed up, or fitted in any way, as the iron pattern of 
the chair was fitted to them, and the metal-chills being closely 
pressed by the sand against the metal pattern, great accuracy was 
d&teined in the position of the chills ; indeed, it was a very rare 
thing for the shape or inclination of the jaws of the chair to vary 
anything like ^ of an inch. 

It was found that the chill-plates stood exceedingly well, and in 
fact many hundred tons might be cast off one set of them ; this 
was partly owing to their not being very thick, so that they soon 
got hot throag:h, and did not strain or warp ; the chairs were 
chilled’ just sufficiently to give a good, true face, but were nut 
chilled-in very deep, in consequence of the chill-plates not being 
very thick, and the chairs themselves containing a large quantity 
of metal. 

On this plan of casting chairs, boys only were employed for 
moulding, as the great ease and safety with which the pattern was 
withdrawn did away with the necessity of regular moulders being 
employed ; thus considerably reducing the cost of the chairs. 

Chills are.^mpst always made of cast iron, in a few excej>- 
tional cases onlj l^roiight iron sub^ituted. 
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The greatest practical advantage to be dejived from the process 
of chilling is in cases fchere a tmion of several opposite qualities is 
(lesirod in the same casting. It frould be difficult to over-estimate 
the value of the combination in a.pair of chilled mils, for instance, 
of ail exterior hard and dense as bard steely capable of being 
turned or cut to a smooth polish^ surface, with an internal core, 
so to speak, of the best soft tough cast iron. 

I'lie chilled portion of the casting is of a higher specific gravity 
and harder than the interior, uniform in texture, and crystalline. 

Even where the metal employed in the casting was originally a 
white iron, the chilled portion is found to be rather harder, and its 
crystalline formation more regular. Such a metul as white cast 
iron should not, however, be employed for chilled castings, as the 
interior would not be so tough and strong as it should be. 

Dark grey irons are not at all adapted for the purposes of 
cl lillcd castings, Ko. 1 Scotch pig being particularly unsuitable ; 
wlien the right quality of iron cannot be obtained, it is sometimes 
necessary to melt up a suitable proportion of liard white scrap cast 
iron, with the soft dark grey iron, which alone would scarcely chill 
ati all. 

Hard, lough, bright grey, or mottled pig, having small crystals 
and a good uniform texture, are well adapted for the purpose, 
])rovided they do not contain an excess of uncombined carl)on ; the 
j)reseno0 of manganese in the pig-iron, or the addition of a little 
spicgeleisen, improves the quality of the castings. 

Where the shape and size of thecasting arO'SHcli that the mass 
of metal in the interior will long retain its heat, much of the effect 
of chilling is lost ; the greater the proportion the chilled surface 
])oars to the size of the casting, the more effectual the chilling will 
be. The depth to which the “ chill ” may be formed in castings 
admits of a certain amount of regulation, but there are also circum- 
stancl% affecting the castings which arc at times almost beyond 
control. 

It is not always possible to obtain the right quality of iron ; 
the size and shape of a casting cannot always be well adapted for 
chilling; or the chill-moulds may not be of sufficient depth of 
metal, to conduct away the heat ftrofn the molten metal with the 
necessary rapidity, to allow it- .46 'solidify without being again 
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melted from ibh«! 9^' molten metal iu the 

■' ^ ■ .f V. 

A^amiilg^ i soma 8 dr 10 inches diameter, 

'ft dapth pf dbill'of at ieaflt 1 ificb eau be. obtained, provided the 
metal employed ie at all fit for ,&e purpo^se, and T^th the iron hesi. 
suited for" ehillmg a much gfealer depth can fee obtained, ^\ith 
pjrdper core as to the. moulds, &q, lJut in the great majority ol 
cases 1 inch depth of ohill is sufficient 

For castings that will have much surface wear, such' as in rollin.L; 
metal, dr crushing minerals, allowance should be made in the d('j)th 
of the chill for the removal of vibe exterior of the rolls, by tlieir 
repeatedly being turned in the lathe, as their surfaces become worn 
or injured in iwe. 

At the same time it must be remembered, that the greater tlir 
depth to which the chill is carried the. more brittle is the casting. 
The chief strength of the casting is in its tough, unaltered, nn^tal 
beneath the hard chilled surface. 

In considering the advisability of the greater or less depth of 
chill, therefore, estimate the extent to which tlie casting may be 
worn or turned before it becomes necessary to replace it. 

Avoid chilling to a greater depth than necessary, especially in 
eases whore strength is required in the castings, to resist transve rse 
and other strains. 

In casting large chilled rolls, the moulds for the ends and necks 
should bo of dry sand, or loam, properly built up and coniK^elrd 
with the iron chill for the roll itself. Or the iron chill for the tMuls 


and necks can .1^ made much thinner and lighter in substance than 
that for the centre, ^ 

The mass of metal in the chill largely influences the depth of the 
cliilled portion of a casting j it is necessary not only that it sliould he 
sufficient to reduce the temperature, in a few minutes, of the iron on 
the surfiice.from, the temperature at which it is poured, say 2^00 
solidification, say about 1000®, when it is bright, 
but also that it ^ould be capable of absorbing tlm 
radiate from the interior of the casting, so as to 
piweut solidified and chilled surface from being remclted by 
the radiatW ffitenial heat. ; 

Moist^S^^;i^tlds is at att iha^s 'dmptjm, but when these 


to that of 
. heat vtrhich will 
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tire made of sand or loam, the danger is lessened to a ^er lain extent 
I) y the j)orouM material allowing of the escape of some of the pent- 
n|) gases and steam generated by the intense heat of the cast 
metal. 

When, however, chill-moulds are iised, the^.ntmpst precaution 
is required to have them absolutely dry f6r usa ^ y 

This entire freedom from moisture could scarcely be ohkined, 
.still less preserved, in the warm damp air of a foundry, with per- 
spiring workmen hurrying about; the steani and vapour would at 
once comhuise on the surface of an iron chill-mould, if it were 
i)n)ught void into tlie shop. Consequently the chill is always 
In Hied to a considerable extent before pouring, a precaution which 
ir is Jill the more necessary to observe when the chill is to be used 
111 conjunction with sand or loam moulds. If this were not done 
any dHiupness left in the sand or loam would probably I)e driven 
oui, Jiiid at once condense on the surhice of the chill, if that were 
lud le atcd to a teuipoi at ure considerably Mgher than that of the 
.^urrouiidiiig atniospJicre. ' 

Idle steam and gases which would l>e formed in a damp chill- 
i\iould, when the metal was poured, having no means of escape, 
would jxcipiire tremendous expansive force, and would either burst 
tlu* moukl and send the liquid iron spirting about amongst tlje 
1( Hinders, or at least, ruin the casting and distort the mould. 

Ifc would appear that to heat the mould would impair its 
prnpci’ty of cliilling the metal poured into it. Yet in practice it 
In not found to have this effect, even when heated to 250° P.‘ 

It is even asserted that a superior ’^chill*^ is obtained from a 
Imt mould than from a cold omiy esutaris parilvs ; it must he re- 
liu'uibt'red that with a mould heated even to 250° there is a large 
maigiu of difference between that temperature and that of the 
melted iron poured into it, and it is suppo-^^ed that the chill has a 
gn‘;»f( r tendency to conduct away heat from, the metal cast in it if 
it, the <*hill, be previously heated to about the temperature' alx)ve 
nam(‘d. 

'idle heal, given out by the cast metajil penetrates through the 
eliill with extraordinary rapidity, and if the walls of the chill are 
not siifficionily thick to absorb the greater portion of the heat, con- 
sidrialilo risk is run, that either the , ipasfcing and the mould may 



514 FOUNDING AND CASTING. 

fuse together 4n one solid mass, or that the effect of chilling inaY 
be neutralised by the heat evolved from the central portion of tli«‘ 
casting not being conducted away with sufficient rapidity. 

An important ]^)oint to be observed here is the almost irresistible 
force.with which expansion takes place ; and whiqh if not providcil 
for may lead to the bursting of the iron chill-mould. One method 
to avoid such evils often adopted, where suitable, is to have t]i<‘ 
chill-moulds made in halves, those being held together in ])()sition 
by means of bolts and nuts in combination with some special Jonn 
of spring washers, capable of holding the chill-mould accinatcl y 
during the casting process, hut adjusted so as to yield sufficienlly 
under the excessive bursting force due to expansion of tho casting, 
which takes place immediately the metal becomes solid. TIk' 
period and extent of this expansion is fully discussed in a ])revi()ns 
chapter and illustrated in Figs. 3 and 4, pages 27 to 20. (unor.dJy 
speaking, however, it is not convenient or suitable to have such 
moulds in parts as desc^ribed. 

To avoid these evwihe mass of the chill must be proju ily 
proportioned to the area of the portion of the casting whicJi jc- 
quires to be chilled in relation to its entire bulk. In the case of a 
casting which has to be chilled over its entire surface, th(i weigh! 
of the chill-mould should be about three times that of the easting 
to be made from it, presuming the casting not to be of exce p- 
tionaffy large dimensions. 

So varied, however, are the circumstances under which chill- 
moulds have to be employed, that experience is almost the only 
possible guide for their construction. 

It is desirable not to make the chill-mould thicker tlian is 
necessary to enable it to carry off the amount of heat from the 
casting, from the fact that the thicker it is the more liable it is to 
CKU'k from the severe strains put upon it by the expansion of ils 
inner portion when the great and sudden heat of the molten metal 
first comes upon it. 

^ This expansion, and f!he subsequent contraction in cooling, can- 
not but he unequal, and the larger and thicker the chill-monld, the 
greater is the risk of a fracture. 

In the preparation of large chills, it is always advisable to 
shriilk wronghtr-iron hoops round them where possible. 
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Certain results Lave to be decided upon beforehand, and the 
founder must use his utmost skill to attain them in the safest and 
most economical manner ; the utmost that science can do to assist 
liim consists in pointing out what evils to avoid, or how best to 
rectify the damages occasioned by want of judgment or scientific 
knowledge. 

In a foundry where many chilled castings from different moulds 
have to be made, it will be apparent that it is to the interest of the 
founder not to make these chills any larger, or heavier, than is 
absolutely necessary to effect the desired result ; coat of the metal 
in tlio moulds, and the amount of room required for their storage, 
sufficiHiitly explain this. 

'J'liere are several ways of finishing the interior surfaces of the 
cliiil-mould before using it for casting. 

Ifor lioG castings the mould must either be l)ored or machine 
j)lnm‘d, after which a coat of rust is allowed to form upon it ; this 
is oi'iainecl either by wetting it for a few days with dilute hydro- 
chloric acid, or with urine. The object d this coat of rust is to 
pi event the casting from adhering to the chill, but no ‘‘clay wash ” 
must on any account be applied to the chill, as it would hinder its 
iihsorptiou of heat from the casting, and the rust itself must also 
be nibbed avi^ay for the same reason. When the surface of the chill 
liMs I >eeii thus prepared, and just previous to the casting, a thin even 
coaling of blackwash, or black-lead, is applied. If, however, the 
Miiiace of the cliill has been tolerably well oxidised beforehand, 
this coating may be dispensed with, although, as a rule, founders 
puder to apply some kind of wash before pouring. 

As llie iron wliich is best adapted for cliillod castings does not 
How very freely, it is necessary that it should lie at a high tempe- 
ratuiv' at the moment of pouring, more particularly as it will have 
to ]»art with its heat so rapidly on entering the mould that it may 
solidiiy in iiregnlar blotches, or clots, if it has not a suflScient store 
ol' surplus heat to keep the whole of the mass of metal in a liquid 
or iK'arly liquid, state until the completion of the pouring. 

hor the same reason the casting arrangements should bo such 
that the mould may bo rapidly filled by a large stream, or streams, 
ol‘ metal, so directed, however, as to avoid, as far as possible, cpming 
into (Continued and violent contact virith the surface of the chill, 

r 2 L 2 ’ 
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T^hieh would thus soon become seriously damaged at such points of 
contact. The life of a cliill-mpuld depends considerably upon the 
care with which it is used ; if its surface becomes slightly dam}x"(‘d 
from the action of the molten metah it may be patched up with a 
little loam, but wherever such patching occurs, the uniformity of 
the chill on the casting will be destroyed. . 

For fine work, or for castings where dimensions must l)o 
strictly adhered to, a very slight damage to the mould is fatal 
to it. 

In many cases, however, when the mould is only sliglitly 
roughened in parts, it can be rebored, and made to do duty again. 
Of course, care must be taken not to remove a thicker skin of the 
mould tlian is necessary to get a smooth, even surface. 

In the choice of the metal used for the chill-moulds, the founder 
has to consider whether he will be guided in his selection hy eco- 
nomy or durability. 

If the mould is likely to be one in great request, he slionid 
choose a hard, dense, ddS'e^grained pig iron from which to cast it ; 
ill. fact, as We have before said, a metal very similar to tlmt d<‘- 
scribed as most suitable for the chill-castings themselves. 

In other cases, however, not much care need be exercised in the 
selection of the metal for the chills, except that very dark Scotch 
iron, which is not at all suitable for the chilled castings, is also not 
well adapted for the chill-moulds. 

It is impossible to lay down rules as to the exact dimciiriions of 
a chill-mould which is required to produce a certain-sized casting. 
In addition to allowance for the shrinkage of the casting on cooling, 
the sudden expansion of the mould itself, when the hot metal uiiters 
it, must be taken into account. 

That part of the mould which first receives the flow of tljc 
hottest metal, not only expands most from having to bear the lijst 
gulden increment of heat, but has also to bear the weight due to 
the head of metal afterwards pouted in until the casting has cooled 
aiUl solidified siifliciently to relieve the mould of this pressure. 
Consequently, it may be inferred that the actual dimensions of a 
casting will be that of the interior of the chill-mould when it iias 
been <^pand^ to the extent due to the temperature of molten cast, 
iron when jilBt on the point of solididcation, minus the amount of 
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euLscqucnt contractioD of the casting during tho process of cooling 
down to the temperature of the atmosphere. 

The metal being poured into the chill two actions immediately 
set in ; the skin of the casting solidifies, and the metal in the in- 
terior commences to part with ite heat, contracting away from tl»e 
inlerior of the mould as it does so. The mould, at the same time 
absorbing heat, expands away from the exterior of the casting. 
The moment w^hen the distance between the chfll and the casting 
lias reached its maximum is, theoretically, the time whei^ the cast- 
ing sliould be removed from the mould. Experience, and the 
iialnro of the work in hand, rnust,,.gnide the moulder as to the 
safest lime to withdraw his casting; if he attempts to do it too 
(juiclily, he may distort its shape from its being as yet too hot and 
soft to bear the strain ; if he leaves it too long, the chill-mould may 
have commenced to contract round the casting, and thus bind it hard 
and fast,, besides, having spoilt the chill surface as before described. 
The higher thP temperature of the cast iron when poured, tlie 
grenter is the strain upon tho chill. 

Tlic contraction of tbe casting during cooling depends less, 
jxTlaips. upon its iil)solute hulk than upon its form ; and, as might 
1)0 expected, a cliilled casting contracts somewliat more in the cooling 
tliau an ordinary casting (see Fig. 3, pages 27 and 28). 

'riio ])rincipal elements which govern the amount of expansion 
in cbill-moulds may be briefly stated as follows: — 

Its internal capacity: the larger the quantity of molten metal 
il will hifp to contain, the greater the strains it will have to bear, 
iVoiu the longer sustained lieat, and the greater pressure of the 
lu iul of metal, before it has superficially solidified. 

Its tliickness : for large (tastings it is imperative tliat the cliills 
slumld bo thick in the walls, but with every increase of thickness 
till* risk of cracking the chill is increased, o\vuig to the tendency 
of tlie besited inner portion to expand, being opposed by the rigidity 
ol' tlio outer and cooler portion. 

Having withdrawn the casting from the mould, it should h& 
allowed to get quite cold as soon as it possibly can by radiation. 
No artificial cooling, by cold water, &c., should be resorted to, as 
lik(‘ly to distort or fracture the casting; and np jwther increase 
of lianlness can he obtained in this manner, * 
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Chilled cast iron and cast steel, similar as they are in many 
respects, have this important difierence, that the one, cast iron, 
cannot be hardened by plunging hot into cold water, whilst the 
other, steel, can be hardened in that manner. 

Avoid placing the casting in such an attitude, or in such 
a locality, as to expose it to undue strains, or to currents of air, 
or other circumstances likely to produce distortion or unequal 
cooling. 

It h(^ been mentioned that a chill-casting which has been 
allowed to cool down in the mould too slowly, owing to the chill 
not being suflBciently massive for its duty, or for other reasons, loses 
much of its chilled character, allowing a considerable portion of its 
contained carbon to pass into its former uticombined state, iind tlie 
Iron, instead of being hard and white, more nearly resembles the 
character of the pig from which it was originally cast. 

Occasionally this quality is made serviceable, j^ere it is con- 
venient to use iron moulds, but where it is notaesired that the 
resulting casting shall be hard or chilled. In such cases a pig iron 
may be selected which is of a bad chilling nature; or after tlie 
casting has been made in the chilled mould, it may be rendered 
soft and tough by being kept for several days at a low red heat. 

Chills, when out of use, should be protected from rust by Ix ing 
greased and stacked under cover. J^efore being again used, the 
grease must be thoroughly removed, as it has a tendency to (*au^e 
the casting to solder to the chill 

We conclude this chapter with a description of thJmmerican 
plan of making railway wheels, in which chilling in casting is 
employed to an extent unknown in any other industi-y. 

The manufacture of chilled cast-iron railway wheels has now 
become a very important industry in the United States, upon whose 
railway system of 75,000 miles no other class of wheel is employed 
to any great extent, at least for passenger and freight rolling stocl. 
There are a large number of cast-iron wheel works in the country, 
varying in capacity of production from 450 down to 40 or 50 
wheels per day, and such improvements have been introduced inio 
the manufacture that, whereas some time bince railway accidents 
arising from ||||ken wheels were common, of late years sucli a 
mischance is ^most unknown. One of the most important im- 
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provements in the process of manufacture^ consists in mixing with 
the pig iron a certain proportion of Bessemer steel, crop ends of 
Triils l)eii)g most conveniently used for this purpose. This mixture; 
besides improving the chilling, qualities of the wlieel, adds greatly 
to its strength, and even allows of the use of anthracite in the place 
of cliarcoal pig iron. 

At the works of Messrs.' A. Whitney and Soub, of Philadelphia, 
one of the largest establishments for the mannM||^re of chilled 
wljcels in the United States, the different proc3|TO have been 
l-rought to a high degree of perfection. The following is a brief 
description of the factory, and the manner in which the worE 
is advanced from stage to stage. Of course the foundry is the 
most important portion of the whole works. It is a fine building, 
doO 1‘eet long and 50 feet wide, with two lines of rails running 
down its whole length, except opposite the furnaces. Tlio rails are 
laid to a gauge of about 1 0 feet, and upon them arc placed twelve 
liglit travelling cranes, with a platform attached to the centre post 
and upon which the man working the crane stands, and controls its 
moveiiKUits, both in hauling the moulds and ladles^fpmd in moving 
the crane from place to place upon the line, the crane being geared 
for travelling. The floor of the foundry is so laid out that there is 
room on either side of both pairs of rails for a row of moulds, and 
ill the centre of the building is a path about 4 feet wide. Against 
one .'ide of the building, and in the centre of its length, are five 
cupolas, three of 4 feet (5 inches internal diameter, and two smaller 
Olios of 16 inches in diameter. The former are employed in melt- 
ing the iron for the wheels, the latter chietly for ex^imental 
jmi poses. The three cupolas are tapped into converging channels, 
all running into one large tipping reseiToir, from which the small 
la ilos arc supplied. The blast to the cupolas^ is furnished by 
ji vertical- blowing engine, with two blowing cylinders, on at the 
lop of the machine and one at the bottom, with the steam cylinder 
botwceii the two. 

The mixing of the irons for the cupolas, is the most imp(||ant 
and difficult operation in the whole contse of the maiiufarairp. 
besides the steel scrap, nothing but diarcoal pig ux)n is employed, 
:ind of this from twelve to twenty diffexei^ kinds, all of the highest 
class, are used in varying proportion. But these mixtures have to 
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be alterM f^ueutly^ owing to irregularities in the nature of the 
metal, anS &dy are zmule with a view of ascertaining wljat 
be introduced into the next day’s work. 
The pr^potiions of the mixture b^ng decided upon, the cu])olas 
arei^rg^^ a ton of coal being first put in the bed of each furnuce. 

chiarge is then carefully, Ic^a^ed upon trucks, upon a weighing 
‘ platform. Piles of the various pigs are placed in their proper 
order around and there is a drum upon the weighing 
\ machine, oUi ^^meh a slieet of is placed, and the weights 

of each different pig, in proper or^er, are written upon it. l^'or 
instance, the workman commences with 250 lbs. of coal in his 
truck ; he then places 125 lbs. of old steel rails, 125 lbs. of chuh r 
pig, 350 lbs. of old wheels, and so on through the long list ol'charcoiil 
pig irons employed, the old material being placed at the bottom of 
the furnace. The weighing platform is so arrang,ed as to record tlie 
accumulating weights as tb© drum revolves, bringing before the 
workman the name and quantity of each successive ingredient 
which he takes from its respective heap before him. As soon 
as it is Iqad^ the truck is raised to the top of the cupola by an 
hydraulic, lift.' The moulds, when ready, are placed down the 
building in fonr rows, one on each side of the two liuas of rail 
upon which the cranes run. The patterns used are almost all in 
iron, and the chills in the moulds are of cast iron. One worlv- 
man can, on an average, mould ten wheels a day, but all failures 
in the casting, arising from any carelessness in moulding, arc 
charged to hiih on a rapidly increasing scale. 

Thi^ysteim has beeh^ found necessary, as the men are paid by 
the piece, and if only the price paid per wheel were deducted ior 
the spoilt castings, a fer higher average of failures would result, 
because the men^ould earn higher wages by working faster and 
more carelessly. 

Before the metal in the cupola is ready to run, a charcoal fire 
. ;i 0 f Imhted in the receiver before spoke of, in order to warm it, and 
. when filled, the metal may be covered with charcoal and 

: qxllIlQn checked. In a similar manner the ladles, of which tijero 
are a ttoy.leige mimbe: employed^ have burning charcoal placed in 
them, and^^ tfije^^iitre coated internally in the usual way. Ihcse 
ladles pots made of sheet irpn, and mounted each on 
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:i ])air of wLeels for facility of transport. On tLe sides of each 
Iji'Hi* are two sockets, into one of which the end of a long iron 
] I audit! is inserted for hauling it along the floor. Also at each end 
t)i the axle is a square hole, into which is plac^ the end of a handle 
with forked ends. The ladle being run ^ ip thei receiver, the 
littiT is tipped over by the gearing attached to it^ and the ladle is 
cliarged; it is then brought along the: llopr to ibe crane, which 
tiiki s hold of it, the two square-ended handled bef^ mentioned are 
insci'ted in the holes in the axles, the ladle is raised, and the iron 
IS poured into the mould. The chilled portion of the wheel sets 
ulmost as soon as it comes into contact with the chills, and in 
;i veiy short time after the casting has been made the flasks are 
u nloved, the sand knocked away, and the red-hot wheel is placed 
on it trolly to be taken to the annealing pits. Thio process is one 
ol’ the most important of the series. If the wheel be allowed to 
cool in the open air, severe internal strains are created, which will 
sometimes be sufficient to destroy the casting, and open-air cooling 
was the active cause of failure in the early periods of this class 
of wlieel making. . 

The annealing ovens are placed at one end of the fouimry, and 
below the floor, the top of the ovens being at that level. Besides 
Diese ovens of very large diamet;irs for extm-sized wheels, chilled 
lyres, &c., there are forty-eight pits ranged in six rows of eight 
( ficli. These rows are divided into pairs, each pair of sixteen pits 
be ing devoted to the reception of one day’s production, the period 
reijiiireil for annealing lieing three days. By this arrangement, 
when the last two rows of ovens are charged, the first two rows 
can be emptied and refilled, so that the work proceeds without 
iiiteri uptiou, and in regular rotation. Two hydraulic cranes, with 
the booms revolving upon a fixed post, are placisd upon the floor, 
and command the whole area occupied by the ovens,. The l)Oom 
of < m il crane is made double, and upon it runs to and firo a small 
carna.gr, from which hangs the chain, carrying at the lower end 
file hooka by which the wheels are bandit. This attachment 
consists of three arms, with flattened ends turned over so as to 
grip the wheel. The upper ends of these ^trins fere hinged togrtber, 
arid as they tend always to faU,;mward, they hold the wheel 
iigliUy, but by moving a single the tirms are thrown 
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outward when it is desired to release the wheel. The motion of 
the craues ^ controlled by one man, fixed stops being provided ou 
the guiding,, apparatus, so that when the crane is adjusted fur 
filling one oven, it remains in that position till it is thrown over 
to the next- 

The ovens or annealing pits are cylinders of sheet iron inch 
thick, about 66 inches in diameter, and of snificient depth to con- 
tain easily eighteen wheels with cast-iron distance pieces between 
them. They are lined with brickwork, and being of considerable 
depth, they descend into a lower floor. The lower parts are inclosed 
in a large rectangular chamber, one for each set of ovens. Witliiu 
this chamber, and for a short distance above it, firebrick is usi d 
instead of ordinary brickwork as in the upper portions, and witliiu 
the cylinder a circular foundation of brickwork is set, upon which 
are placed the wheels on being lowered by the crane. The whole 
of this weight then is transferred direct to the foundation of tlio 
building. At the end of each of the three rectangular chamhci s 
already mentioned is a furnace, and each chamber is divided down 
tlie wh^ of its length by a perforated Hue ; through these per- 
foration the heat from the furnace pjisses and enters the Io\v( r 
epds of the ovens, d'hese furnaces are required to prevent the iou 
sudden C/Ooling of the castings, but only ^ ton of coal is burned for 
each full ^ay*8 production. Flues leading to the chimney cany 
oil’ the heated gases from the upper part of the ovens, and so the 
process of cooling is thus very gradually carried on, until at the 
end of three days the wheels are ready for removal. TJic three 
large annealing pits mentioned above are somewhat difierently 
arranged. To save room, they are not carried down so low as the 
other ovens, but terminate at a height of about 7 feet above the 
floor, each being supported upon a central column. W'lieu ihoy 
are used, a fire is lighted in the bottom of each pit, the wheels 
are placed in and covered over, and the oven is allowed to cool 
gr^ually. 

removed from the pit the wheels are taken into tlio 
cleaning and testing room. Here the sand is removed, and the 
wheels tested by hammering under a sledge, as well as by a small 
hammet^f ^hile,the tread is cut at intervals by a chisel. The 
heavy blows to which the wheel is subjected never fail in detecting 
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faults when such, exist, and when they are discovered tlie wheel 
is removed to be broken up. About 10 per cent, of tlje whole 
proiluction is rejected, but occasionally this proportion is very 
much higher. 

In order to keep the quality of tlje wheels to the desired 
standard, a large number of test pieces are cast every day and 
submitted to examination. By this means an accurate knowledge 
of the nature of the wheels, the character of the chill, and other 
j)oints are obtained ; the data are carefully recorded, and if the 
tests are satisfactory the wheels corresponding to the test piece are 
d(‘livered into stock. If not, they are returned to he broken up, 
'i'lic sound wheels finally are taken to the machine shop, where 
they are bored, and if desired fitted with their axles. The tools, 
tliendbre, in this shop are few in number, consisting of three 
lioring machines, a press for forcing the wheels on or for drawing 
tluMii oif the axles, and a number of lathes. 

The capacity of Whitney and Co.’s foundry is 250 wheels 
per day. 

The average life of a chilled cast-iron wheel of first-class 
quality is asserted to be 50,000 miles for passenger, and 100*000 
mdos for goods traffic. This is a high average, and probably many 
wbeels fail before they attain this mileage. The common mode 
of failure is a breaking away of the surface of the tra||d in spots, 
until large portions of the chill become pitted in shSlbw holes. 
The exact cause of this failure has not yet been ascertained. In 
some cases such wheels are turned down to a smooth surface^ and 
again placed in service. 
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C^FTEB XVn. 

ITAXiLEABliB OABT ; OASE-^HABDEKXNa. 

The manufacitire of what aore known as malleable castings ” 
consists in obtaining a tough, soft, flexible material, resembling 
wrought iron, from white brittle castings, by what is known as 
the cementation process. Some means of arriving at the sjitik* 
result appear to have been known to iron workers in the Middle 
Ages, as there ar^ numerous examples of malleable castings to bi^ 
found in old buildings, but Samuel Lucas, of Shellield appears to 
have heeu the pioneer in modern times of this important braneli 
of the iron trade. He obtained a imtent in 1804 “ For a lueiliod 
of separating the impurities from crude or cast iron without fusing 
or melting it, and of rendering the same malleable and proper ibr 
several purposes for which forged or rolled iron is now used ; and 
also by the same method of improving articles manufactured of 
cast thereby rendering cast or crude iron applicable to a 

variety and useful purposes.” 

A short description of the process is thus given in ‘ The Reper- 
tory of Arts’ : — “ The pig or cast iron being first made or cast inti) 
the form most convenietjt for the purpose for which it is intendtd, 
is to be put into a steel-converting dr other proper furnace, together 
with a suitable quantity^ of ironstone, iron ore, some of the Tnetalli(^ 
oxides, lime, or any combmatipn of these, previously reduced to 
powder, or with any office substahtie capable of combining with or 
absorbing the carbon Of thfe.Orude iron, ■ A degree of heat is to he 
then applied, so intense as to of the carbon of the 

c^|„^dn with the substance mijM ;u^ of, and continued so long 
.a be found neo^sary to make the cast iron either 

paiiially or pertectly malleable^ aocoi^ing to the purpose for wliich 
it is ihii^dW.b lf the casting is r^ui^-lo -be pi^fectly malleahh‘, 
from of other sulslances 
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is, “can only be 
the intensity and 


will bo found necessary^ but ac much less quantity will suffice if 
partial malleability only is desired;^’ ‘ 2 ;^ 

Towards the clo'ie of the process the b^^hst be very great, 
duration of the heat> its degreeC' i^d ,jthe proportion of the 
substances to be employed, depend uppa-kyitfiety of circumstances, 
“a knowledge of which/' the patenf^ 
obtained by experience.” For small ? 
duration of the heat required to prcduce the liveability are 1^^^ 
Iban for large castings. Such articles may be arranged in alternate 
layers with the other substances, separated, however, from actunl 
cojituci W an intervening thin layer of sand. 

]\lal!mble cast iron will take a certain amount of polish under 
11 10 action of emery and rouge, but not so goc)d a polish as cast 
stool. In the lathe it works about as easily as wrought iron, but 
tlie tool blunts rather more rapidly. I’hin pieces may bo bent 
d(Mil)le when cold, but seldom can be bent back again without 
Lix^akii’g. It can he forged to a cortuiu extent when at a moderate 
rod boat, but it heated much beyond that, it breaks in pieces under ‘ 


the hammer. 

Two pieces of malleable cast iron may be burnt together at 
a tompordture approaching fusion; or can be brased to either 
wrought iron or steel with hard solder. If plunged red hot into 
^\aU'r it is hardened, but to an uncertain and variable extent, 
.Malleable cast iron is very soft, flexible, and far from brittle ; it 
will only weld with difficulty, if at all; its fracture is dull, grey, 
and iinirorm. Specific gravity aliout equal to cast iron, if anything 


a trifle less. 

Most authors say it is decarburisation by which is 

malleableised in this process, but Mallet doubts this, and reinarks 
that by annealing white brittle cast iron either in hmmatijje, chalk, 
or sand, we obtain not so much a chemical change as a molecular 
change in its constituent partides. 

The uses for malleable castings are daily extending, and there 
IS scarcely a trade connected with domestic or manufacturing ap- 
pliances which does not largely employ this valuable material, so 
superior to ordinary cast iron for iiK^;|^urpotes* One of the most 
important applications of mallea^"^n"is for the manufacture of 
Vothed wheels for maclatiery, but; tro proccasr cannot be relied on 
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to produce a really tough metal when the castings are very large, 
or have any consymble portions exceeding 2 inches in thickness. 
Certain qualities^ cast iron may be rendered stronger aiid 
tougher by the addition, in the cupola, of a proportion of wrong* 
iron, steel, or manganese ] this metal is said to be better adapted 
for spur-wheels, than ecMSfen cast iron. 

Tlie general routine^^ the process of making malleable cast- 
ings is as follows The pig iron is melted in, and run from, clay 
crucibles into green or dry sand moulds, and where the articles are 
email, snap flasks are much used. The castings are removed from 
the moulds, and cleared from sand by brushing, by shaking in a 
rattle-barrel, or by similar means, and are then placed iii%ast-iroii 
“ saggers,” with alternate layers of powdered red hjematite ore, or 
with fine iron scales from the rolling mills. The saggers are then 
placed in the annealing furnace, where they are exposed to a gra- 
dually increasing degree of heat until a full red-heat is attained, 
after which they are allowed to cool down. The articles are tlieii 
removed 1‘rom the saggers, cleaned from the hsematite powder, and 
so far as rendering them “ malleable ” is concerned, the j»roce.ss is 
completed. 

The pig iron employed is almost invariably liapmatite ; for large 
castings white haematite pig is selected ; for small articles mult led 
pig. In England, Cumberland iron, and irons from the IJaiTow 
Steel and Iron Company’s Works, are largely employed ; while in 
America they prefer the best brands of cold-blast charcoal moitk d 
irons, Nos. 4 and 5 Baltimore, or 5 and 6 Chicago, having an ex- 
cellejA.J^eputation. 

essential that the pig shall be while or mottled, not grey, 
and it is not uncommon to melt up a quantity of scrap, such as 
wasters, gates, and fins of white iron. 

The clay crucibles in which the iron is melted are frequently 
made in the foundry ; they are heated in several ways. In the cr.se 
of larg^e works, the Siemens gas-regenerative furnace, Fig. 247, is 
by far the best and most economical apparatus for molting in the 
crucibles, with which any desirable telnperature can be obtained 
and regulated. 

In this^ arrangement the crucibles are placed in a chamber, 
through Whidi the ignited flame of gas air passes over from 
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ilio rogonerator on one side of the furnace towards the other, 
wliere the remaining beat is taken up by tlfe mass qf firebrick 
in the regenerator on that sid^ When the bricks in the first side 
of the regenerator have so far cooled down that the gases do not 
fully inflame, the currents are revised, and the air and gas are 
sent through the second, and now' hott^> part of the furnace, the 
llame passing amongst the crudbl^, iiftd tihen reheating the 
lirst part of the generator, before passing awy to the chimney 
flue. 

When the articles to he cast are of a greater weight than, say, 
lijilfa liundrcdweight, the pig is occasionally melted by coke in a 
small cuj)oIa with fan-blast. ^ 

Jhit tlio most usual form of furnace for ordinary work is the 
common air-furnace, with the grate and ash-pit below the crucible. 

The boxes for the moulds are generally of cast-iron ; the 
moulds an^ formed of green or dry sand ; that oblained from the 
new red sandstone is much used in Elngland. This is a fine sand, 
of unirorm grain, containing suflScient clay to cause it to work 
stiffly without any further admixture of clay. For very email 
work an excellent sand is obtained from Moxeley, near Birming- 
li)im, which is used without any charcoal ; for larger work it is 
mixed with a proportion of powdered charcoal. There is also a 
•^ood sand to be obtained from Kowsloy, which, however, requires 
to be ground and screened before use. 

In making the moulds for small articles in mallea|p' iron, the 
riiimors are nearly always formed in the parting of the box, and 
both gates and runners are made as small as possible; fla t w ide, 
and thin in cross-section. This is rendered necessary n||phie 
rapidity with which the metal cools, causing it to cbnlrl^^tod 
frc'quently to break off from the gates very quickly after the metal 
is ]K aired. 

1 'or- small articles it is not usual to face moulds, as the 
metal must be poured at such a high temperature that facing 
would be useless ; the small stream of metal, however, is so rapidly 
cooled in its passage , through the mould that it is not indisj)cn- 
sable for the sand to be as infusible as it would be required with 
larger w'ork. . ^ 

The amount of contraction appears, to l>e greater with these 
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castings than cast iron ; Ui^ are very brittle, and sbould 

Imve a White fracture. . 

For Bin{m’#i^]^^|!arting sand is not ttsed for the boxes, but fiuo 
dry poW4ared‘«hiy i; ^ stoves, 

heat^ % ooh^ or' the sri^te heat from a orndble furnace. This 
operation takes but a The castinge must be raked, oi- 

if very seaall, 'BittW3,.oiit'^ |he j^nd when cool, and must then be 
d^aned from aand, whti^ et^ly efreotedi|^ the articles are 

of a conrenientWhiape, hy rolling them over eaJ^other in a barrel 
called a tumbler ci jrattle-^barrel ; or they can be cleaned by baud, 
or immersed, in a bath of diltito sulphuric acid, after which they 
must be washed and dried. ' Miners or fins on the castings have 
to be ohipfed off with the edge of a steel chisel, as they cannot 
be filed away. 

The annealing pots are cylinders, preferably of cast ireii, 
about 12 inches diameter, by Ifi inches high, with loo.se coven 
dropping in. This size is well adapted for small articles, but for 
special purposes the pots are frequently made of wrongblrirou 
plates, which, however, will not stand the action of the annealing 
furnace more than three or fonr times, whilst the cast-iron jiots 
will frequently serve for twenty annealings. 

The material most frequently used for filling in the pots 
between the tiers of articles to be annealed, is red hsematite ore, 
which ill j^ Wnd emd sifted through a mesh of about an eighth 
of an i^K^be powder not being used, or if iron scales arc 
empl<^ed,^re must be exercised to keep them free from dirt. 

^certain quantity fresh haematite, or iron scale, shonbi 
altojli^ . added, to .any that has before been used, without the 
kt^nPiB been newly ground up. 

A layer of bsemaiite, or iron scale, is spread over the bottom 
of the pot ; on thisitbe &st row of castings are placed, each article 
perfectly isolated and imbedded in the hsematite, then another 
layer of abont half an inch of the haematite, then another row of 
caatijogs# |wd so on until the pot is nearly full, when it is covered 
up nH^i^iJoeh with haematite, upon which the cover is placed, 
aud1&;^‘i^,*e^y for the furnace. - 

In miWfiiimi^^'pots in the yrhicb contain the 

largi«t..wqi[l5^i^P|l be pla«^' in. the pots 
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slionld be marked or numberajij as 4 guide to tbe^ furnace man as 
to tlie amount and duration of i^e l^eat to wbl^ they should be 
subjected. \ ■’ ' . ; . . s ' 1 , 

As before mentioned, thie 4^rOT0n‘ of. th^ op(^tion depends 
upon the size of the articles^ butilii heat the 

])ots gradually to a bright red/^ .1^ 
he kept as uniformly as ;^ssible from or even 

ninety hours, after which tliey are allowed. gradually 

in the furnace for about thirty houvs ; they are;||k{m removed, and 
allowed to get quite cold before being emptied/ v " 

If the castings are removed from the pots before they are (sool, 
ilicy will not have such a good appearance as if allowed to cool in 
ilio i>ols. It is advisable to avoid placing large and small articles 
ill the same pot, as they require to he in the furnace different 
jxuiods, and the large articles may require to be annealed a second 
timu if this is done. 

After the castings have been properly annealed, they are 
( overed with a film of oxide of different colours. These various 
rohuirs of the oxide are a sign of good mallcables. This adherent 
oxide is removed from the casting by another passage through the 
I !i I Lie- barrel, and the process of mall&ble iron making is finished. 

In every heat or annealing operation, the scales pari with some 
of tiieir oxidising qualities, and before they are again used they 
must be i)ickled and reoxidised. Thie|||.,doue by whetting them 
a solution of sal-ammoniac and waited, and mixing and drying 
them until they are thoroughly riistel, 'when they are again^mdy 
for use. 

C^be-Haupekiko. 

Case-hardening is a means of superficially hardening castings 
and is etlected by plaoi^ the articles that are to be hardened, 
alter being finished, but not polished, into' an iron tex, between 
la}’ers of animal charjcoal, such as hools;, horns, leather, or skins, 
burned and pulverised, taking care that each article is completely 
enveloped in the ebajmo^]* , Whi^ the^ pi^ocess is conducted on a 
large scale a ^proper furnace is uis^f ; 5^ materials consist of 
!H) per cent, of ebarpoalj-tbe .eijj^r carbonate of 

potash or of lime. Tim .^ting^ in the 
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ulsrtial npiiDnfex^ Wy’' parte wLlcli it is desired to. prevent becoming 
easo-haideited;1^|g previously coated clay. The box is 
tpade tight.i^ith. a equal parts of clay and sand, placed in 

the^re, an^ kept at a light h^t for such a time as will give 
the .requimlvdopth oa^Tliirdoning, which may vary from Lali 
an hour te iwjbi&ottrs or longer^ ' The articles are then plunged 
into waW/:Jlilit 4^ t^^ are liable to buckle out of shape, they 
should carelfuSly put into the wator, end first* 

To caS 0 -bar<l^">oast ii^n quickly, bring to a red heat, then roll 
it in a mixture of ^ual parte of powdered saltpetre, sal-aninK)nia(*, 
and pruasiate of pofaisb* Then plungo it into a bath containing 
4 ounces sal-ammoniao and 2 ounces prussiate of i)otash per g.dioii 
of water* , 

Another plan is to heat the articles, after pclisbing, to a briglit 
red, rub the surface over witli prussiate of j)olash, allow them to 
cool tq dull red, and immerse them in water. 

The following mixtures are also employed in some shops : — 
(«) 3 prussiate of potash to 1 sal-ammoniac ; or (6) 2 sal-ammoniac, 
2 bone-dust, and 1 of prussiate of potash. 

Where a proper furnace is employed, some such form as tloit 
shown in^yig. which shows Dodd’s case-hardening fiirmnas 
will 1)0 lHud of service. The advantages claimed for this con- 
structibp* qf hiniace are that it maintains a uniform heat in all 
paiis of tlie retorts, aud^Voids any injurious eflects from sudden 
cooling ;when the latter ^S'lvithdrawn. 

Ube fljame from tlie ^replace passes under and all round tlio 
the retorts, th-^n into and along the arched chambc'r ov('r 
;ira|Ki>rte,^ from, which, openings lead ^to the side fiues whicli 
! c6te&iinicate with the diimney. 

The pincipal dimensions for.snch a furnace as that here shown 
would he for the fiues between retorts 16 inches by G inches, for 
fluck on , outer sides of retorts 6 inches by C inches, flues under 
■reSjrte 7 inches by 6 inches. The spaii of ^.the arched cliamb< r 
18 feet 4 inches, witli a rise of 18 inches. It is placed in com- 
mjihic^oii with the two side flues' by four ownings, each 6 imdu^s 
square. VThe retorts are each 9 feet long, ;%|L loot 4 inches wide, 
‘by 1 feQl)'S^m<|||(-'high. 

The 0 feet Icmg jby.l? uwAi^ Wi^ placed about a 
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furnace varies acooriing ,to their depfih'fe' which the 

slceliug is desired to penetrate. ratoi^, they can 

be charged and drawn alternately* ’ ■ ’ " ' ' " 

' y: ■ 
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W KfSliWl UKTAIiS, 

A 

It Is (k!oas|osft% d^reolo tmite other metals % means of cast 
iron, or to fix onumental castings on to light vrork, made of 
wrought iron or steel. 

Such a isooess cannot be practised nrith cast iron upon any of 
the other neefnl metals than cast iron, \ 7 r 0 ught iron, or steil, a^ 
all the lother metals, at all commonly used, have melting points so 
much below that of cast iron, that they would not bear coming m 
contact witii liquid cast iron, 

JBo^timeS non^metalUc substances, such as grindstunca, &c- , 
an held in shape hy rings or bands of uon cast ronud them. 

T^hen iroa'is cast upon or around solid wiongbt iron or stci 1, 
ceftaiu ebUnges are brought about upon tlicse metals. The ( <isf 
iron, when thus brought mto contact with the comparatively cool 
surface ef the solid wrought iron or steel, \vill of conise bo “ chilled 
at auditround all points of contact. It will therefore bo baidei 
moie brittle, and much less tough in those paits ; and this ksuU 
will occur wherever liquid cast uon comes in coniaet with (ithi 1 
solid cast iron, or wrought iron, or steel. 

yWltmik, 'Wrought iron is employed it is found to undergo a cer- 
tuU amut^ datetioiratkm, Wth in toughness and cohesion, h - 
Comhi^cflcilltjdUC for structural purposes where those qinditus 
are fh&m ut the same ili||uer. but to a mudi Ic s 

^xteut. A bar of cadi iron east round a core, of wrought iron w 11 
Utile, if anything, stronger' than a simple bar ot cast 
^(oa size. Consequently, where the fnll stiengih and 

toui^dlKl^of these metals are required, “casting-on” should Iw 
arcid^ ffid .egpeehdly in any wotik wbidh will be exposed to snddeu 
fahtK^d, fir tatyte sixains,^ ^ 

But a' V{My Mlrge oanP|lc’uf uMfnl imd ornamental articles 
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requiring little absolute strength, can ^ most zeadSj produced by 
the process of casting on, such as hand-railings, 'mndow-ftames, 
P mols, hat and umbrella stmtds, bedsteads, or ornamental gates. 

One well-known application of this process isMohne’s invention 
foi the combination of wrought an| cast iron in themann&ctoreof 
window liames. The sash'bats ate Ihrmcd of inm, rolled 
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of any light and conveumi section, Ctuted id j^tss; those 

haib aie united by ornamental castdron htNMSB. Tihe mode of 
airongement is illnstrated at A, fi, 0^ D, E in Eig. 197. 

An iron pattern is fitst mad fei^j^jfli n whidt a sand mould is 
obtained, the wnn^t-iron bam to the required lengths, 

and placed in the monlid, lritb.j||||pids nearly touofamg ; over 
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theM moifldflf tlielK^B is placed, whicli must be snSSciontly 

krge (io 0TW ibeqi/Eb tha{ wbea casb on, the bosses shall firmly 
bnite ^’jffttfd^ht-iron bars. The^ yrindows can be readily madt; 
pjf-ahy ,8^ or shape,^ and are easily fixed. They are light 
in {tppw#he^ and combine the stren^ of wronght iron with the 
‘ oman^tiU ohftc^ter, which (^ be easily obtamed by the addition 

tarings, or other ornaments. 

of applying 

east lioh' may, .Either the wron^^thpn bars may 
be plae^'in.i^siS^^ ^ the ornaments cast Hpid their ends, 
or the ortmmaii^ a^%.i^t in green-sand moulds, cored out to 
fit' the wmu^iit^;$r^-'hf^ Ar to which they are afterwards fixed by 
an.allc^ Lead alone is to be avoided, as it sets up 

a galvanic adiiq]|^^i^ assists the formation of rust. 

Iji d^sigja^ljf^tf-iibii railings it will be well to adopt outlines 
in not be iinfairly strained, by the union of 

ve)^ J^t i)ro»iiM^5^:i»eces in the same casting. Discard all very 
fin«^i|j^am^tel work for streets where there is much trafiie, as 
'hccidt^t or misdiielf tlrill very shortly spoil the beauty of tho work, 
whi^ oninot .be repaiisd* Ornamental cast-iron work of a firui 
int)Sc{^e.ehiMcactmr..jb''bnl^^m pl^ whm:e it can bo seen to advan- 
tage enddh npt exposed io violence. 

The hat and uml^lla stands cast by tho Carron Iron Foundry, 
and tim'XWUtectnral ap;^iahbes cast by Walter Macfarlane and Co., 
of Olas^dw, are good eilamples of ornament in the right place. 

Expo^ to the m .^ge cities, cast-iron railings are much 
more durable ,ti^j^ose'(:$ ^ught iron. 

If 'otot^l^^t'^^lw^hi^Ids ^ u^ tbs ornamental casting.^, 

, the .fli:iM^S(^^5^."^urslly te rathtf laittle ; in most cases this 

it is desired to avoid 

b;ii^lenWi‘tha'wQjrk^'cto .|^'pb|aWd hashi sn|;fia}ing oven, when the 

atf^ii^- ^^^tougiit iron,' ifl^^ is' .lA injunction' with tin; 
joai‘';h:^'<i'-is''ireqn3ntly the case, ''r/' 

• is also ocoasibnally practised, for the purpose of 

■ iron .w^ 's^oys, yolutfs, or twisted forms. 

Loaid TOWifSl'eJ^iie, saH||«p |fibTOUgbly;drM^^ are applied to 
that portion foif'tl^y%rouglil |Bp !^^ fii is v^hj to burn on to ; 
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(Msi iron is then poured through the moulds until the wrought iron 
is in niiglit to a welding heat ; pouring is then cease J, and the cast 
iron, when cooled down, is found firmly affixed, to the wrought 

iron. 

For ornamental cast-iron railingSy w6ieh are designed with com- 
])aiMlively heavy pilasters and > bars/ having the interval between 
tluim filled in with light ornamental wort/tha twd ^ould not he 
cast, at one and the same time, otherwiso the light work will be 
almost certain to break away from the hoa^, owing to jthe unequal 
contraction iti coining. The ornamental work should be cast first, 
of fine, soft, fluid iron, and be provided with small fitting pieOes 
or lugs, at convenient points for fixing to the heavy or 
u]))'ights. 

(’oat iheso lugs on the fine work with clay and blackwash, 
plnco it in a sand mould, and cast the heavy work round it. By so 
doing, thp irou will not be liable to fracture from unequal contraction 
and expansion; but there is another danger to apprehend, which 
shows that very ornamental fine work, whicjh is usually costly, 
should he avoided in all public thoroughfares. 

An example of handsome cast-iron work may be seen in London 
on the I’hames Embankment, but the ornamentation is so small, 
that its details can only be seen on a clc^ inspection; the cast 
iron is chilled, and very brittle, and mischievous boys, as they pass 
along, knock off large pieces, so that from Waterloo Bridge to 
( haring Cross Bridge there are few bays which are not seriously 
damaged. 

j\liiny anvils, vices, and other articles are made of cast iron, 
nioiintcd with steel ; the welding together of steel and cast iron 
is not difli(!ult, if the steel is not too refractory. This process will 
not succeed well with shear steel, and hardly with blistered steel; 
hut it is easily performed with cast steel, by soldering it to cast 
iron by moans of cast-iron filings and boraXv The cast-j4|?l plates 
to b(' welded to the faces of anvils, are generally froiq^ half to 
five-eighths of an inch thick, and as wide .as the face iteel£ These 
aiv ground or filed white on one sidei and then’ Covered, on that side 
with a coating of calcined borax. ' Th^ljtete, with the borax on it, 
is heated gently until the which covers it with a 

fusible transparent glaze. i« laid quite 
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hot m tho ^ made of dry and strong sand. 

The iioQ iisea^from below; the steel plate being 

. l6^eai^ |ii^ the moal^ it; w^l have the hottest iron. TIk^ 
\^heat to in some measure on tLe 

iqnality of shea^^^ hotter iron than cast 

et^L \ The.^east iinn a^’w^thesepn^^ should be strong and 
^ey, brit not ilob'grey,J^^^^ of the iron and steel is not 

8tong« "White castii:6i| will not answer in this case, partly because 
the casting; but chiefly because the cast iron 
would fly or. crafeh/in^^ steel. The Wdening is done 

under a coigisid^-'rnlio ^ access of water falling from an 

devation of 10 feet or, more, 

. Another intere^ihg ^^^nmple of c^ing on to other metals is 
the copper^at^ ontirOortosivO prop^^^^ blade/ illustrated in 
Pig. 198, nnd patented lately by Johp Willis of SheflSeld. The 
object being to obtain a permanent coating of anti corrosiye metal 
on the back of cast iron and steel propeller blades, to the e^xtent 
and in the position shown, in order to prevent the excessive 
corroding and pitting at these parts — to which cast steel and cast- 
iron Uades are so liable — although to a greater extent in cast stei l. 
Ihe drfeete just refer^ to have led to the adoption in many casi s 
of manganc^ bronze,^ gun-metal bla.d^, the cost of which must 
be a i^riou^ consideration to shipowners who are naturally intoreshnl 
iii siny ^^ method as that illustrated. The important feature in 
which 'Is comparatively low cost, while at the same time 
tnaintainiiig l^e high eifikdenOy off blades cast feom copper compo- 
sitions, such as those r^eired to; , 

In Willis’s proi^ess the :<S?pper plate forming the coating is 
first bent to the.propcft shape,. and placed in the sand so as to 
.form port of the koiild '^fo which the iron or steel is poured. 
I>uring the latter popper ..becomes firmly united by 

fusion vtpl the iron $0 form a perfect joint. 

.Sev^tlij^^ blades bifc ir^ hot , long enougli, 

. perha^f^ P®nhit of a fiinal'Ti^i<^/'‘ ^ 

. Mahf ^her e^ample^ in 0wy-^3ay ^ mentioned 

which; i&eir object or strength, such as 

that sho^i^ ih.Figv. 109, of malleable iron, 

and .insure (i proper 
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fixing, the malleable iron, it win hO blbserred, is made to have a 
pointed or ronghened surface, and at idle same time is so formed 
tliat it will be dovetailed into the Casing. . 
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instance, the top ends of biass valre spindles, which require to be 
opened an4,^bi.ut fc^uently. Brass and gnn-metal spindles are 
sometoeBOBlft 'li^h a malleable ircm core, as shown in Fig. 200, 
in or^ to the cost qf -tuaterial; OTen when the spindle is 

sn^loeed W'^K^lid gan>at^ throughout. The 

.1^ it k, is hbwev^ loUnd out unless by brealdng ac(;i- 
itflsach OMeSf iJis. tnalkattS iron bar wiU be found to be 
in any tray to the gun-metal, 




' Fw. 200. 

unless by n sligM tb ' tW increased contraction of the 

latter^ k'Jj al feable iron is. h6treT6r, used in combination with g mi- 
me^ in "the mannap'^'^’^bed for pump plungers, &c., 

in wbi^^fS Of oJtlbsed' surfaces require to be free from 

corrosive ScsMon, just as in the exam^ of propeller blade, Fig. ] OS, 
referred ta - “To assist thb«i«ddaii^to|^tiibr of these two diflercnt 
metals fcaiDin^' a spindlef, tlte mli^Hqr iaalleable iron core should 
be couinlersahh uU over its 'surface 'as .apduiated, instead c^bv the 
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ron^liening process shown in Pig, 194; the latter method the 
tliickncss of the gun-metal would be anything but uniform as de- 
bircil in such examples where the metal is j^entially t]^. 



Ihirning-ou is Rom»4iines of service in ' a hrpken or 

damaged casting, but the process is neither applicable to fine,^ 
dedicate work, nor to cases where the size and shape of the originaf 
casting must be strictly preserved, as in a cast-iron wheel, which 
would probably be twisted out of shape, by the expansion and 
subsoquoiit contraction of the metal, during the operation of 


burning-on. 

Ihit a piece of machine framing, the necks of rolls, or a standard 
^^llich has been broken or found defective, may be repaired as 
l‘.)lio^Ys ; first cut away the defective parts down to the sound metal, 
bmld a coke fire round the part of the casting which is to be 
r(‘])aired, until it is brought to a bright red heat, then dust over the 
sill face of the cut metal with powdered glass or borax. Then 
uj^ply a hollow loam mould of the desired part to the casting, 
]»i u]»erly securedHu position, and provided with a hole .for the exit 
of the metal. Pour very hot liquid cast iron into the mould, a^d 
allow it to flow away until the cut surface of the original^ inetal 
of the casting can be felt with an iron bar to have become soft 
ami pasty by contact with the hot liquid iron. Then stop the exit 
lio'ie, and allow the metal in the mould to set. If the operation 
has been properly performed, the casting should ring, when struck, 
witli tlie same sound as a single good casting, thus showiiig tliat. 
the old and new metal are perfectly united. 

Whore portions of large castings require to be removed for.ttds 
l)uniiiig-on process, the easiest mode of doing it is, to cut1^^;^stbg 
Avlli!^i at a cherry-red heat, with a nipidly re^lybg oi™||fc'saw, 
such as is used for cutting off the cre^ei^ irdfle^ 

( asi iron may also he bent to a cbnsi^(fe^j&te' extent 
at a chorry-red heat, which quality j^^ocd^orially of service, in 
icmodyiug variations from the desi:ped;^^pj^ arising from coii- 
li iud ion in cooling. The beneh or which such bonding 

is to he performed mi^t 
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sneh &8 fii»«layrJii^8e the i^n Trill part with its heat 
too sa^mlyt and break mther tiian bend. 

: ■,.‘.:'i>,'B^ ^,^ 8aiohally pcciff on the srir&oe of a casting, which, 

to make it advisable to reject 
eaatiag, ai^e tmirightly. Idqnid cast iron may be 
' yjgdw^Into'Snoh^ saparflnons metal being removed by an 

;■ '1*^ *sfeli^^hfa0|^ ift; is' Bsnally; preferred, however, to fill np 
;^eiie'oEiivities frith an ^ojr having a similar appearance to tlio 
;^i»i8t u»n, bnt bang much ihore'-. fusible. One such alloy consists 
of antimony 6d, copper 16, tip % melted together, to whicli add 
afterwards, lead 13 parts, by weight ; another is, antimony C5, 
copper 16, lead 13 parts, by wright, prepared in the same way. 
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CHAPTEB XIX. 

DRYING STOVES. 

In order to dry any material in a confined space, it is necessary 
not only to heat the air in that spacse, but to change it befbin 
it becomes saturated with moisture, otherwise the material is 
simply stesjaed, not dried. 

"I bis fact is shown by Dalton’s experiments, which proved that 
by having a brisk cuiTent of air 36 grains of water per minute 
bo carried off, fiom the same surface that only gave off 
al (»iit ‘22 grains of water in a still atmosphere. 

It would appear, therefore, that a high temperature with a 
bi i.^k current are the most favourable conditions for drying, but 
vvitij regard to cores and moulds, the limit of both these powers is 
soon reached. Supposing a low temperature is adopted with a very 
ra])id current of air, the surfaces of the loam are very liable to 
crack ; whilst if the low temperature is used with a sIowii|urront, 
ilic loam in drying gradually gets so dense and oonsolida^ as to 
lead to a probable failure in the casting from “ blowing.” 

If, on the other hand, the temperature is forced beyond 500° 
Fahr. with a slow current, the moulds and cores dry unequally, 
and the steam which is generated splits off pieces, and thus spoils 
t]i(‘ cores and moulds, besides destroying the fibrous qualities of the 
bay-bands, tow, or horse-dung used for binding the loam, imS other 
jiiatcnals used in their construction. . / ' 

It will be feen therefore, that it tliO te^^^tnr 

but the current of heated ait alo), whiet |o v|^Hprefiilly 

rc'gulated to suit tlie work being dried, in order tp best 

results, i.e. by regulating the flow to naaifiMii the atmo^here in 
the interior of drying stove point of satura- 

tion with water vapour, avoiding at||jfer,^xne time an excessive 
draught, or tearing cut|^t of ^ 
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TteVeight of shspeugiou by ^ill air incroMsos 

rapidly the increase- of Icemperature ; thus with the baroiiiMtcr 

at 30 iochel^ aiid the temperature 32*^ Fahr.. 1 cubic foot of air 
' is saturated mth 2‘3 grains of water ; at 100° Falir. it is saturate* 1 
wiihl9 ^ins; at 150^ Fahr. it is saturated with 70*5 grains; 

tit 200° Fahr. it will hold in suspension as much as 201 
l^ains of water; but in order to remove this vapour from tlm 
a current of dry air must be kept constantly passing 
Hirough it. 

In order that the foreman may ascertain for bimsolf what arti 
the best conditions of temperature and current for ditlercnt kinds 
of moulds, the followriug observations should be made frequently, 
and carefully noted. 

By means of a self-registering thermometer, the maximum and 
minimum temperatures during the day can be ascertained ; the 
actual rate of evaporation can be arrived at by a very sinq)le C(m- 
trivance of a porous earthen jar, provided with a glass tn))o, 
closely fitted into the top, and tightly closed with a cork. Having 
filled the jar and tube with water, at the temperature of th(! stove, 
and corked it up, the loss of water from evaporation througli the 
porous jar will be readily ascertained. 

When the stove has been at work a few days, and the drying 
has IHp regulated by the foreman, he will have nokid tla^ 
temp^mnres employed, and by taking the number of iiiclus 
of water that have been evaporated in the time from the i^orous 
jar, he will know what has been its loss of water per hour. 

If the result of the drying has been satisfactory, he will he able 
to give instructions to the workmen to maintain the temperature at 
a certain degree, and the current of air at a certain velocity, as 


indicated by the thermometer and the evaporating jar. 

The jar must be refilled with water at certain times, and should 
be prot^ed by a screen from and draughts of air. 

TtjfilStove or chamber required for drying the sand, or loam, 
cores, should, if possible, be built contiguous to tlie 
mouldit^^shop, with linos of railway running into it through open- 
ings in tW partition wall. 

The cores and moulds to be driedt h^bg placed upon iron 
trucks, can be run into the |tove, parts of tlm 
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moulding shop, and when dry, shoTdM||^ithdrawn from the other 
side ready to be placed in the pit^^^aring* In this way the 
continual flow of work is kept in one, direction, progressing 
towards completion, and time and labour are much economised, 
especially where large heavy work is ki haud. 

The stoves arc generally built in sound brickwork, and of such 
slia])o and dimensions as are recjuired for the kind of work to 
lj(^ executed, and are prodded with appliances for entering and 
withdrawing, or shifting the position of the article to be dri^* 
'Idle walls, especially if exposed to outside air, should he built 
double, with an air-sfiace between them, as shown in Fig. 203. 

In some cases it is possible so to arrange the stoves that their 
lie.it shall be greater towards that end where the cores are with- 
drawn, as in the case of a pipe foundry, where tlie cores are 
tolerably uniform in bulk, and will therefore dry in regular 
rotation, so that the wet cores on entering can be placed in 
the coolest part, and be gradually advanced as they dry, to the 
ho1tt‘.st part, previous to being withdrawn. In the majority of 
thuiidries, however, such a systematic course cannot be adopted, 
owing to the varying bulk of the cores and moulds to be dried, ami 
llic necessity that exists for the men to be able to get at them to 
aj)[dy the blackwadhy which is generally done by men within the 
siove. 

The stoves are sometimes built with cast-iron floors, without 
any rails, tJie trucks are then wheeled along the rails to the 
t ill ranee of the stove, but when in the stove they run upon 
lli(‘ ilariges of the wheels, which are made rather broader than 
usual to give them a good hearing surface. This plan considerably 
hghioiis the labour oi the men. as the loaded trucks can thu.s 
1)(‘ nh)re easily moved from one part- of the stove to another, than 
nlieii oh]ig(‘d to follow the line of rails. 

if ilje stove is required to be of any considerable length, it is 
deslr ihle to provide it with sliding iron partitions, by which it can, 
when nec(issary, he divided into compartments, with doo^to each, 
so tliat the articles in any one part of the stove calBe made 
acta‘ssibl 0 , without delaying the drying of the others. l)uring tlie 
time that any one compartment , is thus separated from tlie 
remainder, the curr(Bnt^;0f heated iSf be diverted past it 
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by HMwil of ia flue pirotr* for legnlating the flow of 

the air. ‘ , 

illositates an w^y drying stoire, which consists of 
fci»l^e^”bailt of 9-incli cWinaiy'- brick, aometimes lined as 
inches d firebrick, sufficiently tied to main wiill by 
mam of beadpre.' ' ^he roof ^ drown, consists of inverted T-soc- 
tioned cast-iron beams, isbout 3;foipt 6 inches apart, the spaces be- 
tween ^h being ^lled tip .with archrf brickwork. The door at 
‘li#nt is usually made-up of one largo angle-iron framing, covered 


ej> 
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with sheet iron, halving the necessary stiJBeners. The door as shown 
is made to open inwards, , to fecilitate which it is balanced by rraaiis 
of a weight W, suspaind^ to thenepessary connecting-chain, passing 
pyer the guide pulley GP in ttp manner shown. The fire [daco 
PP.ip i^-example is forjned-ifl ^ hack wall, and provided with 
a <fles^^^iug cast-iron dooV' aud’ Inime I>, through which the 
^ charged & out^e, and when shut it 
preve^mfree passage of cOldi^^-ih'tl^ direction. The pro<lncis 
of cqmbustum and air after th^ beanSifriafficiently saturated with 
moisture, ,(^,^wed to esca^ b;y pining 0, whieb is 
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Usually placed low down, as in this oYample, in order to insure 
ihat the heated air does not pass oflhivithout doing duty, and thus 
Tvduce the efficiency. The interior of stoves are sometimes fittol 
w iih iron shelving, or racks, according to the class of work for 
Avlilcli it is required. If the cores and moulds to Ije dried are heavy 
sold difficult to handle, an iron carriage I.C, with shelf framing F, 
t'ig. 1^02, all mounted on four flanged Wheels W running on rails R, 
or otli(‘r pcrnianent way, laid the whole length of the stove, and, 
cxtcu'ling outward along the foundry floor far enough to bring 
tln.‘ work within the radius of the foundry crane, by this means 
Iho londing and unloading of the stove carriage is made easy. 
W lien loaded sufficiently with wet moulds botli carriage and 
moulds arc run into the stove; the short iron door S D, k then 
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Fig. 202 . 


In-fmght ilown, the stove closed, and the fire lit up properly. Tlie 
drying ])rocess being now set agoing, it is allowed to proceed 
quietly until the drying is compl^d. The time required will of 
course vary according to the size and extent of the bod}’’ of sand 
or lojim treated. A very common practice however is to have the 
carriage built up with moulds, ready to enter the stove late in the 
allc riK^on : in this way the all-night period for drying iri many 
instances is sufficient to permit of casting the following day. 
When the larger sized moulds have not been sufficiently dried, as 
indicated by steam passing off even to a alight, extent, |hoy are 
r< turned to the stove in order that the dicing process may l e 
lliorong}dyl|arrie<l out. . > " 

In Fig 203 wo have three separate; sections of an improved 
ty[><' of stove, illustrated Thomas, 1 ly ;^iieans 
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of the special arrangements of fines shown, the cnrrents of heatod 
air are so distribnted as to produce a much more uniform tem;)eni- 
ture throughout the stove, and capable of better regulation, with 



Pf 


Ire. 203. 

the r^udt that the moulds throughout the stove are *ried more 
imiformly and at the same time more quickly, when compared with 
the pi^resB cf drying in the common fqtai of stove in which there 
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is ofton only one-lialf of tlie work dried, while other parts of the 
nunilds nearest to tlio fire are badly burned. 

The ari aiigement illustrated here consists of one pair of stoves, 
riM*li having the necessary carriage rails RR, already referred to. 
I*<)t.]i stoves, however, are .heated by the eame furnace A, shown, 
liaving a grate area 4 feet 6 inches by 5 feet 7 inches, capable with 
a light coke lire of maintaining a uniform temperature of 475® Fahr. 
"I'lif hot gases after leaving the grate pass over the fire-brick arch B, 
si) own in ilie transverse section, where they meet with the necessary 
cold air (drawn in through the passages C formed in the bridge) 
which becomes luxated, ioth air and gas are conducted along the 
flue 1) to box E, built in the partition wall at the centre of its 
1< ngtli, the outlet in wliich is at some 3 feet from the roof. Thus 
i! c gases in the first ^ace are made to spread along the roof of 
either stove, H or 0, according to the position of the door or 
d}iiu|er I’\ whicli, as shown, will conduct the heated air currents 
towards the stove H. When tlie door F is perpendicular, both 
stoves receive an equal circulation. A imifonn downward draught 
or eiieiilaiion, and suitable teuiperaiiire is obtained by means of 
t\\elvi) distinct outlets, fitted with east-iron gratings 31, arranged, 
MS bliown on plan, all communicating with each oilier by means of 
( haiiiK Is J J, foi’med in tho floor, and converging towards the main 
outlet or central pit K, from which the charged or saturated air 
conducted by w^ay of the flue L to the foot of stack. The flues 
.1 mII aroun 1 and across the stone flour are covered with cast- 
iron plates of the same size as those in which the gratings are 
ibrm(‘d, so that they are interchangeable; this enables a re- 
ai rMiigenient of the position of gratings w'heu it is desired 

to increase the drought and tem^iiture at any particular poi't 
of ih(‘ stove if considered necessary, 

'ho prevent loss of heat the esffornal waU^^ ^re made doable 9- 
inch briclcwork, with an air space of 4 mch€^||p^n; both walls 
are tied together at intervals by fiieans of headers. ' The doors are 
hinged and made of } inch thick sheet iron, stiffened with 2 inch 
by inch flat iron framings, and three 3 by inch cross hori- 
zontal strips. The entire inner surface of door is covoretl with 
sheet asbestos ^ inch thick, the latter; bj^ing held in position and 
]»rotectcd by two sheets of No. 16 iroii , 
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The i^ze of a 3iying stove is of eonrse varied according to tlio 
size' of ^ia^^g nstially ma^e in the foundry. Each of the two stovi'.^ 
illnstrict^ in ,Eig. 203, zueasnre' 32 feet long by 10 feet wide l>y 
>^Tfee^|l 3 e^ in height, and with,, the special arrangement of (lues 
• referred to, the wet .moulds coidd be bnijt to within a few incliorf of 
the deilmg, without either burning the top or failing to dry the 
x^lt^er parts cf the moulds. 

/f "When there is no occasion for employing a large stove, a sniiill 
:,:ilove, such as illustrated in Fig. 204, introduced by ths Whiting 
Foundry Equipment Company, Chicago, should be select'd by pre- 
ference for drying small cores, because the drying process is 
quicker, and that with less fneL The shelving may be^ stationary 
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and supported along the side walls, instead of being mounted oti a 
vertical swindle as idiown,by ineans of the latter, the shelving can 
be made to ^vqlye, so ihatJ;^|^;,varionB small cores are brought 
within easy reach ^ithont^^^iring to enter the hot chamher 
Therefore no passa^ ^ ..inside, and the size of drying 

chamher may be di^o^tondingl^ stualler, or in other words, ev(.'ry 
portion of the ||p(i^'ay bq.tiwti^ as sliown. 

One plan of drying mobJilhfJWhich is in use in the North, 
consists in forcing air throu^\. main® below the foundry floor, 
and, hay^g openings in tho of '^h pit, within which the 

mo^s placed. Over the opemng into each pit is placed an 
iron' lodket foil of burnin|^t»lB 0 , and over the top of the pit a covi r 
of plat^ h^;is,leitdowui, nkving;aaciall,o|»eQihg for the escape of 
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tlio licatod air. By thns blowisg heated air amongst the moulds 
they are quickly dried. 

A similar process of air distribution to that just referred to, is 
lliat iutioduced by Messrs. Herbert M<aris and Bastert, London} 
liy this system the moulds in the ibundlry floor are dried by means 
ot a small portable heater, an applfcatioUf r^of. yhich is illustrated 
in l''i[^. 20.'>. In this example (he store mea^fes 2 feet each way, 
and the cold air to be heated for the purpose of drying is dis- 
tributed through pipes, along the foundry walls, or underneath 
ilio foundry floor, with branches B at suitable intervals for readily 
connecting up to the 4-inch inlet of the portable heater i)y mea^. 



of flexible pipes F P as shown. The worknig pressure of the 
air blast being only about half an ounce per square inch, it can 
therefore be produced efficiently by means of an ordinary fan 
blower. Tlio heating capacity and efficiency of these small stoves 
working under the conditions of temperature, of air required for 
drying, as in foundry practice, viz. from ^i||^ 600“ Fahr., is 
indicated by the fact that it is capable of rhw||^^,b00 cubic feet 
of cold air to the required temperature stated ^ an expenditure of 
about 25 lbs. of coke, that i^ one charge of fu^ , 

By^lhis system with successive Charges of fuel, it is claimed 
that -10 lbs. of coke fuel is, capable w;ark of about six 

])ot lahle basket coke fires, or ,'‘ devihi,i i^'tii;e otdiMry way, with a 
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total consumption of 450 lbs. of coke, apart from the great advan- 
tage and saving of time and labour as compared with the ordinary 
practice of removing the various box parts and other portioii^^ of a 
mould to a permanently constructed drying stove, such as thos(i 
already referred to. 

When the mould is partly formed in the foundry floor or j)it 
yfitii only one top box-part, aS indicated in Fig. 205, or in a two 
part box (drag and top part), all that is required is to partly close 
the mould by replacing and supporting the top part mould in cadi 
case, BO as to leave a clear space of about ^ oi an, inch, or oven loss 
at the joint or pai ting laces for the escape of the heated air, after 
it has become saturated with steam or water vapour extracted from 
the wet mould. During the first stage of this drying process the 
^nd all along the outlet openings referred to becomes perceptibly 
damp and wei The process of drying however should he coiitininvi 
until this dampness disappears, showing thereby that the air and 
products of combustion are now quite dry even after having tra- 
versed the entire mould, which latter it will now be understood is 
Bufiiciently dry and ready for the final closing and casting i)roc(\'S. 

Fig. 206 * shows a section, i.e. the interior of a similar port- 
able arrangement of enclosed fire-box, for heating cold air intcndcil 
for drying moulds. The cold air enters by the main branch A 1 , 
leading to the vertical passage VP, which communicalcs with tlic 
interidr of the box proper at both top and bottom by means of poiis 
or passages T and B. In this way the coke fire when once lit up 
is readily maintained by letting in air below the fire-grate, Tli(‘ 
rate of combustionlSB, also under control by means of the tlin^iilo 
valve V', which also enables the air supply for combustion proper 
to be regulated. The excess of air for drying over that ro(juir( d 
for combustion is regulated by a separate throttle valve Y\ tliis air 
passes over the inc^descent tud, and on its way to the mould be- 
comes sufficicnt|jM|ied in temperature. In this manner the total 
Leal of comhustiOT^ tho coke in the interior, is taken up by ilio 
products of combustion carbonic acid C()2 (CO 0), and also by 
the excess air referred to, both of which mix together, and pass 
over the b^rickwork partition or bridge B P shown on tbeifr way to 
the mould through the outlet branch 0 fitted with a suitable con- 
, , ; ■ * World,* October 29, 1897. 
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iK ciin" pipe for that purpose. The ashes from the coke fire pass 
tliron^h tlio fire-grate, and are removed, as they gather from time 
lo lim**, through the small hand-hole shown. The condition of the 
interior can also be inspected by means of a removable cover piece 
T C fixed on the top side. To facilitate the handling, these boxes 
are fitted with suitable hangers for chain slings, &C., as shoun. 
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the weight ofeoke or coal consumed; a slow current of warm air, 
not exceeding 450® or at most 500® J?^ahr., has to be kept coustaiiil y 
passing through the stoves, and carrying off the vapour from iho 
wet moulds. Assuming that 1 lb. of coal should evaporate 15 lbs. 
of water, at the pressure of the atmosphere, and that 1 cubic loot 
of wet loam contiins about 30 lbs. of water, 2 lbs. of coal would bo 
sufficient to effect the drying of 1 cubic foot of wot loam. 

Such a result has- probably never been attained, certainly not. 
by the old-fashioned modes of firing, one of which consists in bavin s: 
a large open fire in the interior of the stove, the o^r in having au 
external furnace, the products of combustion from vRiich pass into 
and through the stove. 

For heating the stove, a regenerative fire-brick fiirnaco has 
many advantages. It is easily regulated, can be heated with reiuso 
coal, and the heated air is delivered into the stove much more 
free from dirt and soot, than when the stovo is simply used as ])ai:i 
of a flue for the products of combustion from the heating lire lo 
pass through, on their way to the chimney. 

The regenerative furnace will consist of two chambers full of 
good refractory fire-brick; one of these chambers wliiJ.'^i being 
heated by the fire will be in communication with the chimney, and 
will be shut off from any communication with the drying stove* ; 
the other chamber, having its fire-brick contents thoroughly lu>i. 
will be giving off its heat, to the volume of air passing tlirough it 
on its way to the drying stove, and will be closed to tbe chimiK^y 
flue, which should be arranged to pass from these iire-brick 
chambers under the stove to the chimney. When the liisi. 
chamber is getting cool, the current of cold air will be turned oif 
from it, the chimney flue opened, and fire or gas applied to reheat 
it ; whilst the second chamber will take its place to heat the air 
for the stove. 

In addition to t9|||^ bff the produ^ “of combustion from tla* 
regenerative furnace||il chimney must be made of sufiieiont an a 
to take off the damp air coming from tlm.:drying stove, and sliould 
have a small furnace at its base to aid in maintaining a pro])er 
draught, especially as it is not advisable to build a very lofty 
chimney. ; 

In his *£tudes isur la Yentliaiion/ General Morin gives some 



553 


GAS FIKING IN FOUNDRY ST^S, 


formula) which will be of service to anyone having to design 
lomidry stoves, and who may wish to calculate somewhat closely 
llio supi)ly of heat, the volume of air, draught, height, and area 
of chimney required, and similar details. 

(j!as firing in foundry practice is. in many instances replacing 
t !'0 older methods of direct combustion of the fuel, because with 
the former combustion is practically perfect and, therefore, the 
(Irii'd moulds, &c., are free from the usual smoke and dirt associatid 
With the direct combustion of coal burned on an open grate. The 
iiijiount of air ^nd gas for combustion is entirely under control, 
so that all together there is much loss waste of heat, and the cores 
or moulds after drying are perfectly clean and free from the usual 


coating of soot. 

The quality of gas to be used will depend to some extent on 
cireumstancos, such as, for instance, when the amount of drying 
is small then town lighting gas may be used economically in a 
similar manner to that for gas cooking-stoves. Gas from the 
l>o\vsoii gas producer may also bt* used, when it is already in use 
fc:ay, lor gas engine iX)wer at the works. Or again the gas escaping 
fiom tlio top of blast furnaces may be conveyed by means of iron 
})i|)iiig to the various combustion chambera or drying stoves when 
the loundry is within a reasonable distance ; but w’hero there is no 
existing gas supply a separate producer may be adopted, such as that 
described and illustrated in Fig. 35, pages 95 to 98, in which small 
coni is used, or some other form of producer suitabJI^ for burning 
gns- works char ; with the latter form of fuel the air necessary for 
the ])roductioii of gas is usually under u pressure of from 10 to 20 
inc.hes of water, according to the existing pressuiu of air blast for 
melting iron in the cupola. The pressure blower must therefore 
l)c cai)able of supplying air under the required pressure for both 
cupola and gas producer edmbined. By the combustion of producer 
gjis derived from gas coke and the passage o||he products through 
tlic drying stove, the wajds and moulding ,Wtes become coated 
throughout with a whitish substance, due’ to a greater proportion 
of potash and sulphur; the presence of the latter is apparent hy 
the increased intensity of the smdl of sulphurous fumes, whitdi 
become very disagreeable to the porkers, especially when the 
ventilation is in any way defccti^j Jbr these reasons coal is often 
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preferred for tte production of gaseous fuel, although in other 
re8})ects, so far as the drying properties are concerned, there is 
practically no difference, as in each case the gas produced is 
essentially carbonic oxide (CO) varying slightly as regards the pro- 
portion of hydrocarbons present; this latter difference is of little 
or no account except when gas is required "for ilhiminating pur- 
poses, as for example, town illuminating gas distilled from the coal 
in retorts from which the air is excluded, so that it contains tlio 
maximum percentage of hydrocarbons. 

Various arrangements for the proper combustion of gaseous 
fuel have been adopted, each of which are more or less elliciejit 
according to the nature of the work to bo done. The application 



with which we are at present especially interested is the heating 
of air, in order that it may absorb or hold in suspension a greater 
amount of vapour as already pointed out at the beginning of tliis 
subject. The water vapour referred tp is abstracted by the liot 
air from the various damp moulds and cores in its passage Ihroiigli 
so-called drying stove. In applving gfiseous fuel to existing' 
drying stoves in which hitherto solid fnel (coal or coke) was 
burned, the gas may be made to enter immediately above the 
])resent ordinary fire-bars on which a small coal jire is maintained, 
iu order to insure that the oonditions of temperature are such 
that the gas pflissing over it (witi a suflSciency of air present) will 
he ignited, and continue to bum,' thus, preventing the escape of 
uiiburuf gas (carbonic ;mdo (00); ?^^hibh latter if allowed to 
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exist even in very small proportions with the air we breathe becomes 
a deadly poison, apart from the additional danger of explosion 
when it collects in suitable proportion with air should a light be 
applied to it. In order therefore to have suflScient control of pro- 
ducer gas, tho various branches off the pipe main convoying it 
sliould each be fitted with a valve Y, Fig. 207, accessiblo from 
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the outside, and by which tho amount of gas may be varied in each 
stove separately, according to the requirements. The supply of 
iiir by this arrangement is partly by way of the ash-pit up through 
the iire-bar, and also by way of the vertical oblong holes or slots 
shown in the furnace doors, and directed so as to meet the gas 
s'ljiply as it enters the fire-placc. * , 
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Fig, 208^ altliongh a much less expensive and elaborate 
arrangement, mil te found quite ’efficient for foundry stove firing. 
The gas main here is built of brick and passes along at the back 
end of the stoves here arranged side by side, each of which lias 
ite supply of gas controlled separately by means of a valve V, 



Sectional. Plan. 
Fig. 20ei 


hand-wheel W, shown at section through A B. The necessary air 
for combustion is here drawn in at each side of the gas inlet by 
natural induced draught through the floor gratings over the passage 
openings^ as shown in section at C D. Ihe gas and air in passing 
up through the red-hot chequered hite):work shown, bcconioa 
mixed and sufficiently raised in tem^eiath^e , to cause ignition and 
also maintain combustion.; tlio products, bf ^hidi, along with u 
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sTifiicicnt additional supply of heated air, are directed through the 
drying chamher until they have became saturated v\'ith water 
vapour, and pass off into the main flue in the usual manner. 

I"ig. 2U9 shows another arrangement in which there are two 
air inlets, the lower one for a supplj- of air to m^t.tbe gas su^ 
iic'ient for combustion, and the upper opening or door for 
additional air for drying, which latter becomes heated sufficiently 
!»y mixing with the more highly heated products of combustion 
ifdVrred to. The temperature of the products of combustion is, 
tlienifore, reduced correspondingly, so that the moulds and cores 
iirr not liable to the usual burning and scorching, while at the 
yaino time the maximum drying effect is obtained when the Sow 
of heat(3d air and products is (^refully adjusted, so that they have 
just sullicient time to become saturated before leaving the drying 



Pig. 210. 

chamber in its passage to the main flue. The heated air and pro- 
ducts of combustion in this example are directed in the first place 
along three separate channels, from which they escape upwards 
tlirough chequered brick arches forming the floor of drying 
clianihcr. 

I'ig. 210 shows an arrangement for the distribution smd com- 
bustim of gas which is successfully adopted in foundry stoves of 
considerable dimensions. In this the gas inlet main is a east-iron 
j)ipe, with flanged branch pieces, according to the number of sto\ os 
in oi)eratiou ; each branch is, fitted wiiii a suitable valve as shown, 
BO that all or any one stgvc may be entirely under control as regards 
Hie amount of gas consumed. After passing the valve Y, the gas 
is conducted, by means of m off-set pipe OP, to the long cast-iron 
trough C T, made in lengti^ bolted together, so that it extends the 
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whole length of the stove. The gas, in its passage along the trough, 
escapes upvffurds through the prforated cover-plate, the holes in 
which arfe|-ihch diameter, pitched at 3 inches apart all over, so thnt 
when a felv jets of gas are ignited at one end (hy nieaus of a liglited 

« 5e of cottpn-wastc at the end of a rod, and saturated with naphtha) 
^'mainiag jets throughout the entire length and breadth of the 
re floor are soon set ablaze. The length of these jets or flauuvs, 
' of course, will depend on the pressure of gas as regulate 1 hy the 
TStlve V, and it may be varied from 12 inches long to a mere p 
about ^ inch long, as indicated at different points in this illustration. 
The air and products of combustion, as they become saturated, are 
conveyed to the main flue hy way of the ])as3nge P, the area of 
which should be carefully regulated hy means of an iron floor plate, 
because if the passage l>e too large, the drying elliecin'y is con- 
siderably reduced by the free ^cape of heated air before it has 
reached anything like the poifit of saturation. This outlet V is 
sometimes made in the side wall, at a little above the floor 
communicating with a suitable passage loading to the main lino. 
The quality of gas burned by the arrangemoiit just referred to, is 
that produced from coal, and the air supply to the producer is in- 
duced by means of a steam jet, as already described in pages b’8 to 
98. The temperature of this gas is, therefore, comparatively low 
as it passes the valve V on its way to the stove, and is of a dense 
yellowish colour. 

The beating of, smaller stoves, such as for drying cores, is soiiu^- 
times carried out in a similar manner to that just described ; tln^ 
cast-fron trough, in the latter is replaced by an ordiniiry gas pij)o, 
say I inch in diameter, extending alqjig the whole length of llie 
stove floor, this pipe having two or three rows of holes, J inch 
diameter, bored all along the uj)per exposed surface, at from J to 
2-inch pitch. The cores, placed on the slielving lowest down and 
• next to this pipe, are liable to be burned and scorched if not jiro- 
tected from the direct action of the gas flame by means ol a number 
of fire-brick slabs, so placed that the flame impinges on the latter, 
and is spread or directed outwards; a*iuor^vuniform distribution of 
the heat prpdiiced is obtained in this manner. . 

If, in the latter apjdication, the gas.ls rich, such, as for instance, 
when town lighting gas is usedLthe flame 'will be. much more lumi- 
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lions, and much more likely to produce sooty particles, owing to 
iiiconjplete combustion. This is easily remedied by adopting the 
])riuciplc of the Bunsen burner, and arranging (near the outlet of 
Huj>ply cock) an opening for the admission of air that will become 
mixed with the gas before it reachas the perforations inside the 
stove where ignition takes place. The flame, by this arrangement^^, 
will be bluish, and more intensely hot, coriosponding to that of the 
oi diiiary gas and air blow-pipe flame, by which complete combus- 
tion is obtained, and therefore the exposed surfaces are entirely free 
tiom sooty particles and other dirt resulting from incomplete com- 
bustion. 



Fig. 211 illustrates another successful method for utilising gas 
uiidtT pressun' in largo sized drying stoves. In this, it will 1)6 
stv'ri, tliat the gas, as it escapes and meets the necessary supply of 
air at 0 V, is ignited, so tliat combustion proceeds as the flames 
roverberate along and escape upwards through the arched chequered 
brickwork as indicated. 'J'ho variations in the quantity of gas con- 
sumed is obtained by simply sliding the cast-iron nozzle 0 V along 
so as to more or less cover the gas orifice shown, the J'Upply of gas 
being entirely shut off manner if required ; any escaj^o of 

gas taking place may be|j||itirely pl^vented by stopping up the 
joint faces with soft ;!elay. ; -The pressure of gas iiocossary 
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to carry the flame towards the back end combustion chamber ih 
obtained by fordng the air into the gas producer as described in 
page 55^ ^e amount of flame passing upwards into the drying 
chamber is regulated by varying the size and number of holes 
fonued in the chequered brick arch. The air and products of com- 
•^hustion, as they become saturated, are conducted either by way of 
passage 0 to the main flue, or upwards through the chimney P, 
just as may be found most elfectiTe in drying. As there is no steam 
injection to the producer, the gas in this example is much hotter, 
so that after two hours’ work the gas outlet G 0 becomes red-hot 
and therefore m<»e readily ignited. 
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CHAPTER XX. ^ ' 

'FOUNDBY pits. ' 

The ])ita necessary for large and heavy castings are either 
Sill id pits or open pits. The former ie dpg to form a sufficient 
cMvity, not only to enable th^ loam ‘moulii to be lowered into it, 
lint iilso to allow the labourers td fill and rain the sand in again, 
firmly iill round the loam mould, as a sufficient support to enable 
it to resist the pressure of the fluid metal inside it, as shown in 
1m- 151, page 427. 

Sau(l'})its are used where the loam mould is built up, both in 
core and cope, upon a skeleton framework of common or loam 
lii icks, or in such other manner as not to have sufficient stilTness 
ill itself to resist the pressure of the liquid* metal. The necessary 
snjipori for the co[)e, or external portion of tlie mould, is Sere 
oiitiiiiird by the filling in around it of the solidly rammed sand. 

As to the cores, when these are circular in section, they are not 
b lind to require much support beyond the brick skeleton, but when 
ili<‘y are irn^gular in shape, they are strengthened by stiffening 
pi.'c'(‘s, or struts of wrought iron, or rings, applied according to the 
finminstances of the case. * x • 

Sand-pits are almost invariably used for the larger description 
<)! castings, and oven where small work is the rule, a sand«pit is 
occasionally reijuired. It should be al)Out 4 feet larger in clear 
sjiitM: till round than the largest mould which it is expected to 
{iccominodate, in order to allow mple room to ram up, and after- 
wards dig out, the sand from around the mould when the metal has 
b( 3 coine set after casting. ; ' ^ 

The cylindrical form for a tijiat which is best ad- 

apted, both for economy and 'itonveampee ^ stanld be surrounded 
with a brick wall, to si^ falling in when 

tli(‘ sand is removed,;.^^i^I^pl^ and diameter of the pit depend 
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npoD ^ dsoeriptum of mtrk it ^ be 'oisetl for, but as a gonmil 
role cas^j^ of large diameter are yery deep, and thuso 

great height are eeldom of large diameter. 

. I&tbepiao^ cireum8taao» toqtate epeoial appliances to meet 
ilieziai, aiid it is scarcely worth while to constantly dig, wall, and 
:fill in with sand, a Teiy wide and deep pit, whose utmost capacity 
.‘a»yi>eihaps only be tested once.in twmity years. To partially 
overcome this it has been proposed to etcavate a central 

pit of considmnble' depth, sntrefonded by one of much larger dia- 
meter but of less depth 

Before filling in the pit, the sand should be screened, and wotted, 
^ should then be i^to^n in, in successive layers, being well and 
equally ramined >dowh all tbe time, by labourers in the ])it. It 
this operation is caifofully performed, the sand will well bear dig- 


ging out &om,aroandlhe mould, and will. stand up firmly like a wall. 
If, on the contrary; sufficient attention has not been devoted to 
this, the sand will come out unevenly, and will fall down in in , ism s 
from the sidea b the case of large pits, this is a source of con- 
siderable danger to the workmen, and of loss to tbe employer. 

the monld and casting have not yet been removed, the I'aileii 
sm'.mnst be dug out; whilst should a fall occur just after tlie 
' cofo of a large mouM has been lowered into the pit, and before tbu 
cope has been properly adjusted in its place, it is most probable 
that the «ore. will be damaged by the fallmg sand, or the least evil 
will be, that it ^1 absorb some moisture from tbe damp sand. 

In digging out or filling in deep pits, some precautions sliould 
always bo taken to protect the men against iiie falling siind, by 
placing stmts and poling boards against tbe sides, as is usual in all 
deep excavations, and is the more necessary with such material as 
sand. In digging out the sand from large pits, it is necG.ssarv io 
caution the men on the npper. bank not to walk too close to tin- 
edge, so as to avoid bringing down- the tond upon the men below. 

‘ When the pit exceeds 8 feef(,in depth, it is usual to excavalo 
tile sand by the ordinary staging- process, having labonrers on eacli 
staged to throw the sand to the above, until it reaches tiie 

hank, where more labourers must stationed to shovel it buck 

from the edge of the pit, which mn^^pi' oaatiously done. 

(The (tides , must be supported-' .and stout poling 
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hoards, and sometimes rings of angle iron, in three or four seg- 
ments, are lowered into the pit, and bolted together, tlius forming 
a very strong circular support for the edges of the bank. Into the 
iiitorval between the ring and the poling hoards, hard wood wedges 
are (irmly driven. One gr^at advantage in tben^ of angle-iron 
rings to support the poling boards, is ftat cross, stmts are thereby 
avoided, and the rings and poling boards "need not be , removed 
until al't(‘r the mould has been loweiod into place, and it is neces- 
saiy to ram in the sand around it. 

Olio or two light ladders should be left in the pit, until it is so 
far tillod in, that the men can leap out on to tlie bank in case of a 
sand fall. 


Tlie walls of dry pits are generally built of brick, sometimes 
of stone. I’lie circular form is the strongest, most economical, and 
as a nile the most convenient, and the bottom should be laid with 
:i sli.ulit fall towards the centre. ■ 

1 f tlio soil around and beneatli the pit is wet or shifting, a good 
( oneretc foundation must be put in, and concrete must also be run 
ill around the walls, whi(*h must be built strong enough to resist 
(.'xternal pressure. In a watery soil, tlje whole mass of the casing 
must 1)0 of sufficient weight to counter I alauce its displacement, so 
as to ensure its not being lifted, or floated, bodily upwards out of 
its site by water. 

Such an accident is most unlikely to occur, eiccept where a pit 
might be placed near a river, whose rising water could permeate 
liK' hoil around the But as a rule a wafer-logged soil is, an^ 
should be, avoided lor the site of a foundry. These pits are 
occasionally lined with thin wrought or cast-iron plates: when 
(.‘ji^^ting in such pitai, however, precautions must be taken that the 
iMolti^n m(dal does not come in contact with iron easing, as it 
Wi)uld }>robahly crack or damage cast-iron plates, ot stick in lumps 
oil tlie wrought iron. 


In arranging a site for a foundry it is not always possible to get 
ouitablc ground entirely free from water, and it is common enough 
to find water 8 feet below the foundry .floor level. In such casf‘^ 
when it is required that the pit. shotdd be' deep, it may bt) kept. 
lr(‘(i from water by means of^a;,ljnmp/!&r well, formed at the bottom, 
so tliat the water may |^^\^re and pumped out at such a 
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rate tliat ijie gil is maintained diry below the natural water level 
as long as,9iay be desired. The extra depth to lie gained in liiis 
raa^er of Course depend on the rate at which the wat(‘r 
its way^l^iabt^ ^e pit, ^d the capacity of the pumps used to tak<‘ 
ft away:' \ 

In order to expense of the pumping pro- 

cess referred to. ^hfen thejnza of mould requires a deeper pit tl\an 
the nature of the grbnnd Wll . allow, the extra depth is often (»!)- 
tained by a systto ^lat^ shown in Fig, 151, jiage 127. 

These plates it wifi be seen ar6 arranged to form an endless cliain of 
plates, around that poriioh of the mould projecting above llic floor 
level on account of the unavoidable shallowness of the pit. 'J Ik s(‘ 
plates are capable of resisting the outward or bursting pre-^^siirci iIik; 
to the ramming of the sand between the upper portions of tlic 
mould and said plates, and thus serve the same purpose as tlie })it 
walls ; if necessary, two or more tiers of these chain plates may h(? 
used with success, each successive tier or ring being from (j iiK'Jirs 
to 12 inches smaller in diameter and telescoping from 3 to 0 inchrs 
into each other. 

Open pits are simply dry pits with flat bottoms, plac^od hi low 
the sand floor of the foundry, within the sweep of the cranes, ami 
of such a depth as will allow the moulds to be stood wdthin tlK-m, 
without rising much above the top edge of the pit. 

Open pits are employed where the loam or dry sand moiiM is 
built up within a fli^k of cast or wrought iron, which i- 

Sliflicientlj strong dbt pnly to support the p^ld, hut also to tal^^ 
the thrust which comes upon, the mould, wipt the metal is ponn^d 
into it. , The dimensions of the open pits are regulatt^i hy lla* sizo 
and form of the castings for which they are intfnded. 

In most cases where large castings have to be made in inimbors 
of a similar size and slmpe, Pts large pipes or columns, it is 
riiiore economical to provide for tbe mouhis, wlieiher tin .so 
are of dry sand or loam, and.tlSia to bo able to use the opdi ]uL 
when pouring. The moiWds mu|it be , properly secured in ]H)siiioii 
- in the pit by struts and stays, of B?ich a form as not easily 

to be-db^placed. ^ 

Wh^ it is m)cessary to from the j>ii, tli(i 

sand should dug on^aH. rouu|l|^ the mould, 
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attemptiiig to lilt the' casting out by the ci'ane. This is a 
to which siiKcient attention ie frequently not given, as the 
moulders, in their haste to extract the work frotnthe pit, Bomeiimes 
ill the last 3 or 5 feet of sand, loosen it slightly round the 
( dges, affix the crane chain to the casting, and cry Haul away ! 

If tli(* sand has been well rammed in, it will oppo|0 consider- 
iih\c resistance to the pull, and the casting or the- crane chain will 
])rt)])jil>ly be strained, whilst in the end no time is actually saved, as 
llio‘ s:iik1 in the pit must eventually be removed to be wetted and 
otljcrwise treated before being again ramiued in. One great advan- 
of casting in deep sand-pits IS the power it gives of casting 
bodi(‘s, such as large pipes and cylinders, in a vertical instead of in 
11 horizontal position. .It is well known that easting in this manner 
ieiids to improve the metal in the body of. the wwk, and affords a 
midy means for extracting from the casting dross and air-bubbles, 
whif^L rise into the open part or rising head of the mould. 

To reap tlie full advantage of this tendency, the metal should 
iK>t. bo poured directly into the top of the mould itself, as it would 
j)roha])ly fall with too great a blow, and would in falling carry a 
quantity of air with it. The plan which is lound most 
succossl'ul is to convey the metal by vertical gates to the lower part 
of the mould, to pour the metal into these, so that it flows upward 
in the mould, when the air-bubbles and dross will float to the 
surface, and be then easily removed, whilst the body of the casting 
Will (Luive all the advantages which accrue from the pouring 
w iili a head of inet^*: , Fig. 194 is an example of this plan. 

'fhe fact tliat under pressure consolidates and strengthens 

the iron is partly accounted for by its increased specific gravity, 
for taking two samples of the same make "of pig iron, and cast- 
ing thorn under difibrent conditions, that whicli has the higher 
s}>ocilic. gravity will l>e found almost invariably to he the stronger. 
Yet, as there are so many other elements to be taken uitrcMn- 
it by no means follows that the specific gravities of 
two samples of a different of iron can be taken as indi- 
cjilivo of their relative strengths (sp. gray* C. L ranges between 
and 7*8). It is, hov^ever, indisputj^bte that the more the 
s]KH!iiio gravity of cast iron is inerei|^ during the process of 
cast mg, other things facing equal, the stronger it will become. 
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The readiest way of attaining this end is tj^t of casting r 
a pressure, and various modes of doing this^ave been dovii-(Hl 
GhUled castings have always an increased specific gravity, dne 
alterations in the molecular and chemical constitution of the mvuA 

Bobert Mallei^ made some most valuable experiinonN, 

to determine the rate of increase of specific gravity, obtained in tho 
same irons by casting under vertical heads of liquid motal, gradual! y 
increasing from zero up to a l4-foot head. A very interesting 
account embodying the results of these experiments was published 
in the Transactions of the British Association of 1840, from whicn 
it appears that the three samples selected for experiment wert' oC 
the following makes ; Apedale, Derbyshire iron ; Calder, Sccdcli 
iron ; and Blaenq>von^ South Wales. . 

The castings made were all ,of the same size and shape ; tln‘y 
were poured by gates in tbe bottom into dry-^and moulds, and all 
the circumstances as to temperature, rate of cooling, and the like, 
were preserved as nearly similar as possible. Tho density of the 
metals and the total increments of specific gravity were found to 
bb as follows ; — 



Spec. Grav. 
Head = 0. 

Spec. Grav. 
He^ 14. Feet. 

Differcncea. 

4'P<)da1e .. •• 

7*0328* 

7*1183 

0-0137 

Colder 

6*9551 

7-1035 

0-0128 

Blaenavon .. .. 

7-0479 

7-1430 

0-0142 


In the Apedalo iron, the specific graviMporeasod witli toler- 
able regularity at every 2 feet additional head ; but witli the 
(balder and Blaenavon irons, the chief portion of the increase was 
obtained with the first 4 and 6 feet of head, after which, although 
the densities continued to increase, the rate of increment was u 
gradually decreasing one. 

Consequently it would app^, that with a still greater f>ressuro 
than that due io 14 feet head of^etal, the density of tho oast iron 
would be furtluir increased. Pressure has also been obtained l)y 
exhausting the air from the moulds at the time of pouring, thus 
obtaining a pressure of one atmosphere which could also !«} 
increased, by admitting compress^ air in upon tbe top of the 
mould, so as to press upon the ; 
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A FOUKDBY most be provided with ladles, varying in size from 
tlic smallest, which one auan can easily carry, np to those capable 
of Loldiii" two, three, five, to twelve tons of molten metal. Of 
the smaller sizes, these are generally made in one jnece by a 



Fio. 312. • 


stamping process, of the form shown in Fig. 212, and of the 
iiisidiii dimensions stated in adjoining Table, for canning from 
2S lbs. up to that required to carry 2 cwt. of molten metaL 


I -i iiK'ipal 1 >imensioiiB. CnpacHy in aud ewta. 



lbs. 

IbM. 

Iba. 

lbs. 

Iba. 

Iba. 

IbH. 

cwts. iiwta. 

CWtB. 

o\te. 

cwts. 


28 

30 

40 

SP 

56 

56 

.84 

1 ij 

U 

If 

2 


in. 

In. 

In. 

In. 

in. 

in. 

in. 

In. in. 

in. 

in 

In. 

Disimott r A .. •• 

7 

u 

71 

? 
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A oif sizes should be kept in stors. 

dqteiid^^' of work usually made. The 
usually mounted as shown in Fig. 213, suitaMc. 

' for easy handling by one man, ainl 
knbwh as the hand ladle. Fig. 21 1 
shows the usual method of mounting 
the larger sizes up to 2-cwt. ladles, in 
which a double handle extends at 
the front end (one for each hand of 
the man carrying in front), the single 
or after end being supported by two 
men leaning towards each other, willi 
shoulder to shoulder. ' In order lliut 
each of the three men referred to inny 
ho .carrying about the same weight; the man in front takes h(d<i 
of the handles at a greater distance from the centre of the ladles, 
than that corresponding to the position of the two roar men. 

Fig. 215 is an elevation of a similar ladle suitable for casting.^ 
from 5 to 20 cwt.* The body, it will he seen, is surrounded l»y a 
strong malleable iron ring 11, from which two trunnions j)rojo<*t 
into the eyes formed at each end of bent lifting frame, by moans 
of which the ladle may bo raised free from the carriage. When tliis 




is done by means erf, crane power the hook at the end of tlie 
lifting chain is placed at the bent portion near the centre, in 
erder that it may not slip from the properly balanced position. 
When a ladle is mounted, as shown in Fig. 215, the dangerous 
tendency for the ladle and met^ overturn and empty itself sud- 
denly oyer the foundry floor, is prevented by means of a loosf' 
swin^og /fork F, fitted at one side to^^ the upper edge of tlie ladk* 
as shown, and by throwing this inte'or out of gear with the sid-o 
of lifting, ^ix)d ne^t to it the ladle is kept , in the proper verlicjd 
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p usitioii ; when out of gear the ladle may be swung over to the 
or left by means of the handle H, shown in position for 
that purpose. This, however, is but a rough and ready means of 
r< 'jiilating the quantity and rate at which the metal is poared|j|ud 
shiMill not \ib used for liidles carrying mir)re than 10 cwt, of molten 
metal ; larger ladles up to o»e ton on this principle should have an 
« yt -hole O, in position shown, or a double handle as shown at one 
(riirl of Fig. 214, so that a long iron bar or lever n^y be applied 
to assist in holding the ladle in any position snitatde for pouring 
metal at tlie desired rate of flow. The handle here is made with a 
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snclvct at one end to fit the projecting end of trunnion, so that it may 
1)(^ taken off and removed out of the way. When in use the handle 
is ])revcnted from slipping off by dropping a cotter or pin tbroiigh 
botli socket and trunnion: by suspending the pin or cotter to a 
ebaiii as shown, it is always there when required. This (Fig 21 o ) 
also shows the ladle resting or suspended from its trunnions on an 
iron carriage with four wheels, by means of "which the ladle may 
be readily transferred to any convenient part of tbe foundry floor 
without the use of a crane. The wheels of these carriages may 
lx* flanged to run m suitably grooved rails, or they may be narrow 
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and wiiboilt a flange, suitable for running on iron floor plates or 
btoad flat rails along the shop. The latter arrangement, espccklly 
-when two-wheeled bogies are used, enables them to turn alx>ut 
frejljllllf to suit a variety of circumstances instead of the otherwise re- 
str^ed line of traveL By mounting heavy ladles om bogies such 
as desmbed, oottsiclerable quantities of molten metal may be run 
along to those convenient points, from which a number of smaller 
qoantitieB of metal may be drawn by hand ladles, such as for 
small duplicate castings. 

A mote convenient, and at the same time, absolutely safe mode 
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of tipping foundry ladles is that shown in elevation, Pigs. 216 and 
217, which consists of two extra short spindles (geared into each 
other by mitre wheels), one of which has a square end for socket 
of hand wheel, or crank handle, and the other carries a worm W 
which is geared into worm wheel W W, the latter being keyed to 
extended trunnion T. By the arrangement of worm and worm- 
wheel shown, the ladle is held or locked, as it were, automatically 
in any position without the aid of a hinged fork or any other ex- 
ternal means such as that previously described. It is also a form 
of gearing by which considerable purchase or power is obtained, 
and by means of which compai-atively little effort at the wheel or 
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banrlle is required to tilt the ladle ; the tilting can also he done at a 
suitably slow and regular rale, admitting of thd most accurafs -ad- 
justment and regularity of pouring. This arrangement may be 
considerably simplified by cutting out the two mitre wheels M W, 
leaving the essential parts, viz. worm W and worm wheel W W ; 
with the latter the hand whed or handle is fitted to the extended 



Elelvation 


Fig. 217 . 


♦ 


{ nd of worm spindle B at either end, as may he fonnA most con- 
venient. No ladle intended to carry one ton and upwards can be 
ccnisidc'red safe without some form or application of the combined 
lilting and locking gear just described and illustrated. 

l"ig. 21 6 , however, has been introduced here more esjiecially to 
sliow a more tecently improved type of foundry ladle extensively 
used. It is here shown in elevation and in section, in order that 
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the principle of action may be thoroughly understood. By refereiico 
to ^e section^ it \H!11 be seen that the improvement consists csscmi- 
tially in dividing the interior of the ladle into two distinct portions, 
A and B, by means of a division plate, DP, so that they nuiy 
communicate with each other at their lower ends; this partition i.-s 
covered over with Joam or other refr^uitory material such as is used 
for lining the ladle. By this means it vrill be seen that, as the ladle is 
tilted, and the metal begins to run over at the spout S, as indicate* i, 
the supply can only be maintained by the metal in the ladle proy)er 
passing by way of the lower opening shown and as indicated by the 
arrpw, with the result, it is claimed, that the metal run into the moulds 
is entirely free from.dirt, all of which is <*anglit or retained at the 
surface behind the partition as shown, without the usual ineflectivt^ 
method of haud[*skimining. The natural result of such a method is 
that waster castings, from dirt or scoria in the metal, will be practi- 
cally unknown. In order to facilitate the lining of ladle, also tlu) 
covering of piirtition plate with refractory material, the latter is 
readily removed or replaced and fixed in position by means of p:iis 
and cotters C arranged at each side as shown. In other resjK'cds, 
the ladle is constructed and mounted in the usual manner. 

Fig. 217 illustrates another type of foundry ladle, made to liold 
from two to four tons; this. form is more generally adopieJ in 
steel foundries. The essj^ial point of dilierence is that tlje metal, 
instead of being run or poured over the lip or top edge of the ladle 
as usual, is allowed to p^ss downward through a suitable hole. II 
formed in the Ibttom, as shown in the section, the b4e being 
plugged up when desired by means of the combined ping and bout 
rod BR, shown in the section to be covered with refractory ina- 
torial, the latter appliance being operated by means of lever handle. 
H and vertical sliding bar SB in the manner clearly shown in 
the ele‘||l' 0 n. 

13y the latter method of pouring, the metal must also he free 
from dirt or scoria, which latter always remains floating on the sur- 
face of the molten metal left in the ladle. Foundry ladles are g(jno- 
rally made of sheet iron or steel plate punched out of one piece into 
the shape indicated in Fig. 212, and foi-iho various smaller sizes 
and capacities given in the Table adjoining ; the larger sizes have 
their sides made up of one plate bmit round to the desired diameter, 
^Yilh only vertical joint, which may jbe single or double- 
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riveted. The bottoms are made frf^m a separate plate, dished out 
sufHciently and flanged so as to fit^^side of shell, as shown in the 
R('ctioii of Figs. 216 and^ 217, and held in D g fi itioii by single or 
double riveting. The cross beam and flan^ijFmnst be fixed in 
a substantial manner. Two different methods are shown in 
Figs. 216 and 217. The correct position of the hangers H in 
(‘Very case must be obtained by balancing the ladle after it is in 
every other respect complete, otherwise the ladlels likely to have a 
nasty tilt sideways, which would cause it to run,the,„ipetal badly, 
ai)(l give general dissatisfaction. The plates at the sides are fre- 
([uently bored or perforated with a number of holes, J inch diameter, 
as a precaution (especially in large ladfe), for the escap^i^f gases or 
steam generated in the lining when the molten metal is run into 
llioin Irom the cupola. The tendency of these gases, or pent up 
steam, flue often to insufficient or careless drying, is to burst and 
split off a portion of the lining from the ladle ; the liquid iron 
tluMi coming in contact with the plates, heats them to a dangerously 
Jiigli t(mipcrature, when this happens the least evil to be antied- 
]jated is the bulging of the sides from the correct form, thus inter- 
fering with the free action of the gen ring recjiiired for tilting the 
ladle. The j)re3ence of damp in the lining^often results in a sudden 
noise and vomiting of the molten metal, raising it in sliowei*s to the 
ro(d‘ In such cases, the metal remaining should be got out of the 
ladle as soon as possible, either by casting or pouring it into gutters 
Inirriedly formed in tlie floor of foundry, as if not removed from 
the ladle in time, it may burn its way through the shell, and dis- 
(diarge itself through the liole thus formed before there is time to 
make suitable preparatioiis. 

Before commencing to line the ladle, it is advisable that it 
should be slightly heated ; the furnace man then gets inside it, 
and having coated the interior with a wash of clay of about the 
consistence of cream, he proceeds to apply the loam to.the bottom 
of file ladle in a uniform coating from 1 inch to 1.^ inch thick, 
using the utmost, precaution to force it into close contact v/illi 
t.lie plates at all points. In working upwards the thickness of the 
lining is slightly reduced, and the covering of the lips must be 
neatly rounded off, so as not to e^fom an uneven surface to the 
flow of the metal, whilst at the same time it must he prevented 
from coming in with tha iron of the ladle. 'When the 
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lining is completed, the ladle is allowed to stand, until the loam has 
dried sufficiently to allow of the ladle being turned upside down, 
without disturbinit^ lining. A fire is ^hen lit beneath the lad](^ 
so as to cpmplet^dry the lining. The ladle must be slightly 
tilted On ohe side, to allow the damp air and smoke to escape. The 
nature of the fire thus applied somewhat depends upon the con- 
yenience of the works^ but one of the simplest and readiest modes 
is ^to make a pile of ignited coke on a piece of old perforated shoot 
iron, and place it under the ladle. 

Ladles carrying iip to 4 tons of molten metal are often lined 
^th strong rock sand, well rammed or beaten on to the sides, and 
dried in thj| manner described, with good results. The drying pro- 
cess is often carried out successfully without inverting the ladle and 
lining, but by simply suspending a basket fire down into it, or 
in some instances a coal fire is built on the bottom lining ; or 
again jby air heated and directed as described in pagcis 548 and 519. 

If any cracks are observed in the lining during the process of 
drying they must be filled up with moist loam, and when the 
whole lining is perfectly dry and without cracks or Haws, a coat- 
ing of thick blackwash is applied. When about to run the metal 
into a' ladle, an old pieqp of plate should he placed in a sloping 
position, resting against one side and the bottom, so as to prevent 
the first force of the current of metal from coming into contact 
with the lining; this plate must be removed with the tongs, 
when there is metal enough in the ladle to receive the flow of the 
falling metal. The breaking of the iron ” in the ladle is often 
useful Ss an indication to the founder of its temperature. 

The currents are more rapid, and the bright lines dividing up 
the surface are more irregular and transitory, when the metal is 
first run into the ladle than afterwards. 

By a close observance of this curious phenomenon, the founder 
is encbled to judge the right moment for pouring, as it is seldom 
advisable to do so when the iron is at a much higher temperature 
tlian is necessary to ensure its penetration to every part of the 
mould, and making a clean sharp casting. Small ornamental worlc 
must be poured at a higher temperature than large heavy castings. 

If the metal in the ladle is considered to be too hot to pour, a 
few pieces of perfectly dry, clean scrap iron are plunged into the 
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ladle, where they will absorb some of the excess of heat, in the 
I)rocess of being melted. The iron thus put into the ladle has a 
strong tendency to float ; it must therefore be forced down with 
the tongs, but*the greatest care must be exercised not to damage 
Ihe lining in so doing. , 

For conveying the filled ladle from the cupola to the mould, an 
overhead traveller can be used, or a small but strong wrought-iron 
imclv, running on light rails, may 
bo employed, so arranged as to run 
the ladl(3 within command of the 
swe ep of ihe crane used in pouring. 

The rails should be laid a few 
inches below the usual floor level 
of the shop, and when not in use, 
b(‘ covered in with sand, to protect 
them from any li<piid mehil that 
may bo spilt. 

fllic wrought-iron carriage for 
ihe l)ladc is usually constructed, as 
illustrated in Fig. 218, by mount- 
ing four small cast-iron flanged 
wheels on strong wrought-iron 
a xles. Two cross-bars are riveted to 
ihf^ fLxles, a little farther apart than 
tlie diameter of the ladle; these 
are slightly cranked upwards, so 
as to embrace the ladle between • 

them, winch rests-' on the axles as Fio. -218. 

shown in dotted lines. Two strong 

books Hjjjpre fixed on each axle, to which the chain is attached by 
which ihe ladle is drawn along the rails. 

Projecting horizontally a few inches from each side bar is a 
square stml S, which is used as a means of arresting the motion 
f)f the truck ; this is effected quickly, but without any jolt or jar, 
by a workman who follows the truck. He is provided with a long 
iron bar B, which he slips under the stud, and rests upon the top 
of the rear wheel, when a slight downward pressure is sufficient to 
bring the ladle to rest 
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By the use of well-laid rails, preferably without any in(jlin(\s, 
and the "above simple but effective broke apparatus, a large ladle, 
full to witlife>^>few inches of ihe top, may be conveyed from tlio 
ou;^la to thp tEioulA in a very short time, with very^ittle power, so 
steadify ^B pot to spill any of the contents, a very desirable result, 
on the. of economy and of safety. 

' chains for moving the trucks along the railway are somo- 

by manual labour, but a more steady motion is 
obtained by winding tbe chain upon a barrel at the end of the 
line of rails. 

Having the ladle conveniently placed over the mould, the foi o- 
man in charge will :dire(^|||^ men to commence pouring. When 
the ordinary form of la& is used, a skimmer should stand on 
eaqh side of the ladle, if it be a large one, to remove all the slag 
and other impurities floating on the surface of the metal, and t .) 
prevent as much of them as possible from flowing into tbe mould. 
For this purpose they use a skimming tool, consisting of a flat 
blade of wrought iron fixed on to a long handle of round bar iron. 
To prevent tho oxidation of tbe surface of ihe melal, poxvdered 
charcoal is plentifully thrown on ,it. But in any case a certain 
amount of dross will be , found on the top of the ladle, and some 
of H ^ ill evade all the dexterity of the skimmers, and flow into 
the toould, to the great risk of spoiling the casting. This daiig(‘r 
could be almost entirely avoided, if it were possible to use in 
general foundry work a ladle similar in construction to tliat 
shown in Fig. 217, adopted in casting Bessemer steel ingots. The 
steeb from the Bessemer converter is poured into a large crano 
ladle, whence it is run into a numl)er of cast-hron ingot moulds, 
arranged in a circle within tbe sweep of the hydraulic crane, whicii 
moves the ladle from immediately over one mould tqjgthc next, 
iiptil its contents, except the impurities floating on the snrl’ii(*A‘ (fl' 

metal, are emptied. The ladle is discharged by removing a 
conical plug from a hole in the bottom, as shown; so that tho metal 
flows with eonsiderahlo force, into iron moulds. In this case 

the force due to the liead of metal in the ladle is of no great im- 
portance, as it will not injure the caet-iron iaoul^, but in general 
casting work it would be very nndesira]t>lei as it would be almost 
certain to wash away portions of the . 



ru7 


ClIAPTEB XPLV 

. ■ 

FonUDBt oiviNsa ^ 

In foundry practice generally, and eten'in'TTO^Ijf size 

o{' produced may Le considered weights ta^ 

ho (Ic'jilt with, consisting as they do of ,caSt-ir6n "box patted 
nimiijcd sand, embedded patterns, cast-iron gratings, &e., &c., are 
often too heavy for the moulders to lift or handle without tlie aid 
of some form of purchase block, lifting gear, or other tackle. When 
ilio (dass of work is light, but just too much for the men to handle 
direct, a very useful type of hand-power lifting gear, or wall crane, 
is that shown in Fig. 219, which consists of a douhle-purchase 
wiiicli \V for raising find lowering the weight, the outward and 
inward ralial movements of which are obtained by means of tbo 
endless chain passing over the chain wheel C W mounted on a 
spindle, which also carries a sprocket, or chain wheel, operating 
the traversing chain TC. The top rail and,^diagonal stays are 
inoiiiited together with a hollow vertical spindle, through which 
llie lifting chain LG passes. This arrangement, it will l)e seen, 
allows tlie jib and load to be swung round without serious twisting 
of tlu‘ lifting chain. ' • 

Wall cranes are often adopted as supplemeiitary to the larger 
( raiies, in order to relieve the latter of the more numerous 
lifts. In adopting these on both sides of the fou^ry,.>they should 
ho. iirraiiged diagonally opposite each others and it tlie sam^ time, 
])itclicd close enough abug the ades so that the lifting block or 
hook of ilic one may sweep a portion of the egfeund j wept, by iks 
luMghbour. The centre of the foundry thus be left 

ciitiri'ly free, for the hcayier operations >wr£h« ftie other stronger 
craiK s, and the efficiency of the lifting gear, 08 a whole, considcraMy 
ini]»i()ved, tlic value of which is often too apparept, and wlien olher- 
wisi* tli(‘ men in squads are often kept s|an-3ing, waiting until some 

2p 
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otW aqtiad baa using tbe heavy crane, and thii too it 

may be, for Sit, just a bttlo more than ootdd be b uidK I 

by tbe mei^ ^Httb^wA^es duflci ' 




drttm is driven liy spur gearing ■worked by a winch. The tiav( i mh^ 
asboaemeni is ftttoued by means of the gearing upon tlu U u i, 
^ wbyi'^4jij|tmii8^ a chain, indicated in the dotted Imcs, movc'4 this 
gearing^ dot or in upon the top beam. 

'When tbe load is suspended at tbe end of the crane, the v(riic li 
brace is sobjeoted to a tensile strain, which is provided for b> its 
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ailac-limeat tp^be iron sboes at the end; To resist the torsioTial 
si rain in the '^ptdle, caused by the- diagonal draught of tlie irtaiu 
cliaiiis, an arm is projected some distance from the saddle, and 
carries a roller that presses upon the inride of the fr^ijaing, and 
relieves the main track The sheari^ and girii^al tackle iare of the 
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Fig. 22 a 


ordinary construction. This form and oonatrtlcitiotiL of crane is now 
only to he found in very old established foundries. ^ 

Fig. 221 is an example of a fixed steam-crane for foundry pur- 
pos(‘s, the main framing of which 1$ made wholly of wrought iron. 
Tlio sides of the tome are stiffened at their edges by angle irons. 

■ / A ' 2 P 2 
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The larger and more powerful cranes of this class^re fitted wilh 
this consiructioD, the smaller being madeW adHient stiirn(\sB 
without th^. The crane represented here has two steam cylin- 
ders, motions, single and double purchase 
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gearing; the barrel has a spiral groove for pre^ting the (diain 
from overlapiang or swinging.^ There is a racking in-and-out 
motSbn to the jenny, return block and double-chain, and powci- 
slewing gear. The smaller sizes of these cranes have only oiu^ 
cylinder, and are. not made with the gear for slewing. Jland 
motions are fitted to each, so that in the case of the engines or 
boilers becoming but of order, no inconvenience may arise by tlio 
delay that would otherwise be caused. 

; The steam-jjipc is, as a general rule, passed through the toj) 
pivot of the crane into fho byhnders,, but in exceptional cases, 
through 1^0 bottom pivot; this latter mode should bo avoided if 
there is any preference. In other examples, when the crane is not 
required to dcsscribe an arc of more than 180 ®, the steam-pipo may 
1)0 brought to the centre line of the crane by a joint without 
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pa-iriin" through the pivots. This latter plain has been applied to a 
good many crimes when steam ha.^ been required to replace manual 
]jiI)our; th6 boiler may be fastened to a platform at the si^e 'or 
behind the crane, and revolve with it. 

Iron frame cranes, to be worked byliand, are i^nally similar in 
every respect to the steam-crane just described, ftod have a radius 
of from 12 to 20 feet, but the steam fittings are of course dispensed 
with, and handles fitted to the barrel. 


Hydraulic Cranes. . 

Ilvlranlie cranes have of late years been introduced with groat 
advaiiliig(^ where water, under sufficient pressure, is available. The 
form of hydraulic crane used at Sir Wm. Armstrong’s works is 



represented in Pig. 222. The jib and pillar of the crane are of 
wrought iron, and revolve in top and bottom bearings. The crane 
Ins tlireo motions, namely, lifting, turning, and traversing, nil of 
whifli are effected by hydraulic p(ip?er. The lifting cylinder A is 
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made of j^werJ that is, lift slowly ox ^quickly as (!( ' 

slrc^ by> tsm ti^d piston airahgimezit, which w^ not deHorikfs 
the jbi^hest j^wer’ being equal to5i0 tons^ th^'Fam is 11 inclu s i» 
dintiioter 4 ^i|^::t^ piston 15| inch^ in diameter, the lengtii of siri)k(> 
being^!§ J^ The tutnihg cylinders B are applied in the 

usnaTtaanhi^':^^^ the foot of the crane pillar; the rams being each 
4^ inches dWeti^r, with 5 feet ;^^trohe; and both the lifting and the 
turning cylindiers, with talr^/are fixed in a chamber ben(‘ath 
the level of the floorv, "A;, tKree-^ii is used for the two 

tiirniijg cylinders, andtSpilp^^ val^S for the lifting cylinder. The 
ohaiu from the lifting (^pnder is carried upward through the crane 
pillar, bending oyer a 0 at the top of the pillar, and i)iiss(‘s 
successively over the pulleys of tlie travelling carriage I), and tla' 
running block E, and is finally made fast at the extremity of tlio 
jik For the purpose of overhauling the ram of the lifting press, 
a small press is placed between the two turning presses B, and the 
overhauling action is effected by a chain being attached to tlie 
sliding head of the lifting ram at I. The pressure in tlie (>v»‘r- 
hauling press is obnstaut, and its action is therefore equivalent to 
that of ,ta counterweight ; the ram is 4J inches diamet(T, with 
o feet 5 inches stroke. For effecting the traversing nioticni of iho 
load su^^fehded at the hook, Ihe travelling carriage D is liauled in- 
ward and outward by two presses H fixed to the back of the ciane 
pillar, and connected by chains with the travelling carriagfj; the 
ram of eaolv 'press is 5J inches diameter, with a 4 feet 7 ineli 
stroke. The alternating action of these presses, which is prcjcisely 
the same as that of the presses B used for the turning iuoti()n, is 
regulated by a tlireo-jport slide-valve 1£ attached to the front of 
Iho pillar,' with, a lever at each sido for working it. The water is 
supplied to and discharge from tlieso prOBses by two pipes uldch 
pass through the top bc^ing of the pillar, and the connection he- 
, I the valve and these pipes is effected in each case by a ti >n 

, OVEUUISAD TBAVMiLIljG CbANES. 

Wfeere woi^c is at all heavy, it beebweB a question as to tlie 
ailvisabilily of wnplojing overhead travelling, oiaues, which jia\e 
tlie great merit of lc»iviug the .piionldiBg fluju^^entirely clear. Jly 



HAND-POWEE TRAVELLING CEANB. 


583 


inftnns of finch appliances we- A flasks from the 

outside of the huikling, and' ^wer any given spot within 

tlie space traversed ; while they can also Ari^nged to bring the; 
ladles to the moulds, or remove citings to the fettling yard. 

Overhead travellers are made df Y<$ry various designs ; the chief 
points to be observed in their conslractioh being, the making of the 
main girders safficicntly strong for theweight they will be required 
to support ; and in those worked by hand, power the gearing should 
he of psj)(\dally good construction, for it must be borne in mind 
that tlio gross weight of both, WveVer and load has to he moro^ 
every time the crane is put into operation. The girders w 
scv( ral torms, some having timber beams and wrought-iron trui^ 
and in-rods, while others are of wrought iron of various sections! 
d'lu! heavier varieties are fitted with a central or platfdrm girder 
wliicli, to a great extent, supports the weight of the lifting and 
workiu,:; gear with its framework. 


IFand-Power Cuane. 

rig. 22.3 shows a traveller with the main ac^ 'platform girder 
eompost d of wrought iron, rolled in H section and trussed. This 
iorm of traveller is frequently used where lightness' is required 
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a long span. < The general arran^a^t'of ihe erri> gearing is 
MS (ollows :-~T}ie lifting gear is . double pircliase, nnd 

ilic ])o\ver is increased by blocki^lcff ’ 6haipjfc, the upper .sheaves fin- 
\\!iie.li ar(! carried in ^ trwso^ ^'tbi|'t*jtp of the side frames nf 
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tlio crab. barrel is into the large spur-wlifcl 

to relieve the shaft fk>m1%brsioni( is cast to tlic 

flange of the barrel, ahd the brake ring is cast to the spur-wli(‘i‘l : 
the brake strap is lined with wood, and fitted with a hand lever. It 
will be seen that the two travelling motions are on one centre ; tlu; 
longitudinal motion, being the Heaviest work, is given by tliecrnnk 
handle; the lighter work of the transverse motion is given hy tlie 
hand-wheel, and as the attendant can have one hand on it and 
;th6 other on the crank handle, a load can bo simultaneously moved 
transversely and longitudinally any ffliort distance required, a coii- 
Btion most favourable to some operations. 

P The advantages afforded by this arrangement of two crabs are, 
that when the maximum load is being lifted it is distrilnited 
between t#o sets of chains and gear, and over a great portion ol 
the main beams ; the men are not unduly crowded, and each man 
can apply his force with proper effect; the load can also bo lifitd 
level, or he canted to any position required, or, for light work one 
crab can b^ thrown out of gear, and run to one end, and all Die 
motions performed by the other. Travellers for loads of less than 
20 tons are xafie^ made with two crabs, hut this is entirely a 
matter dependent on the class of work the crane is employed to 
shift. : \ 

Shaft Driving Gear Crane. 

Tho travdlihg crane, Fig. 224, is w^ell adapted for a foundry 
wliere steam, can withbut difficulty he applied for tho purj>os(‘ of 
drivifig a tiimbler shaft,. tho length to he traversed longitiidiuMlly 
not exceeding 200 to beyond this distance, the torsion of 

the tumbler 

It was ^emstruefe^d to sustain a load of 50 tons for a span of 45 
feet at tho North-^aiti^;^ 1^ Engineering Company’s Works 
at {^underland. It is one of the most powerful of the class to 
which it belongs, and was Appleby Bros, of London. 

.^The main beams are wrought-iron fish-bellied box girders. Tlie 
hp:t Hellion is algo employed in the end cradles, which are fitted 
with elk steel double-flanged wheeH fixed on immovable axles, tho 
lubrication of which is porfonfed from the centre. Such aT\ 
inimenso weight is supported by each wheel, that it is necessary for 
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ihom to 1)6 made of steel instead of the four cralj-wheels are 
also of steel. These latter could ne®P^ made with fixed axles, 
so are j)rovi(led .^with movable double frames or journals. The 
crab is formed with single, double, and treble purchases, which are 
varied by means of a hand-wheel and screw. The barrel hus a spiral 
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groovf‘, so as to pnable it to take the chain without overlapping, 
ilio gearing at each end being so arranged as to provide against 
toi sional strain on the barrel shaft. Three sheaves are j)rovided 
to tli(^ top iind bottom blocks, thi^l enabling it to give seven Ia])s of 
cliuiu. On the first motion shaft, ihesides the three dillereut speeds 
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of lifting gear, then^ is geared change wheels and clntclios ; 

by these si m jde meana ^Mfcole of the travelling and lifting 
ai^e completely changed, in’the proportion of 2 to 1 ; thus, without 
disarranging the crane blocks, it gives the lifting s^d of six powors, 
and two speeds of longitudinal and cross travellings making the 
tra'veller, which would in pthe^r circumsbrnces be slow and ungainly, 
into a very useful tool. Of course the greatest load of 50 tons 
would be an exception rather than an every-day occurrence. 

The motions are transmitted by reversing friction clutches, wliich 
are copper-lined, the brake and pawl being connected and oporaled 
►y a foot lever ; when the brake is applied, the pawl is of course 
lifted out of gear. The mot^|is of lifting and carrying can bo 
eiiu^jtoeously worked; the levers, being all brought together, can 
be wfflSed by one pian at a point where ho can see every movement 
on the part of his fellow-workmen, which is of very great moment, 
as he is compelled to labour almost entirely by signs of the hand, or 
some other movement, and any error, through a misunderstandinij:. 
might be the cause of 'considerable damage. Hand power is also 
supplied to the machine if required. In the trial of this ovcrli(\id 
traveller with the maximum load of 51 tons, the deilectioii of tlio 
whole, including that of the longitudinal beam, was found on ex- 
amination to be three-eighths of an inch, and this was not piU'- 
manent. The shaft can be easily lined up in case any settlement 
should take place in the foundations, the tumbler hearings being 
adjustable. The longitudinal shaft, from which all the movemonts 
are taken, is of 3-inch square iron, driven at the speed of 1 OO revo- 
lutioife a minute. 

The same shaft will, if necessary, drive several of these tra- 
vellers. ' 

Cotton lioPB JDwving Gsab Cranes. ^ 

In many large works, two spmewhat elaborate systems of lifting 
have been employed, in which rope eord is made the means of 
tonsmitting the power, instead of shafting. The first of tlies(3 was 
introduced by T&r. John EamSbottom,^ana the following description 
is from that gentleman's paper in the * J^n^ctions of the Institnic 
of Mechanical Engineers.’ 

The cranei^upon Uamsbottom^s are so construct.' <1 }ir» 
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i.() 1)0 driven by Hi Hglit endless diameter, extending 

thi’oughout the entire lengtiil of the;rSpp traversed by the crane. 
1’liis cord is driven at a.Tery nearly 60 miles an hour; 

in consetjaence of \vlaoh only very edight driving power is 
HMiiiired in the ^shifting of cordis 

of uniform tension and 

is {iiranged so as to allow. ctf the and traversing in 

every direction, withput^-Bensibly aifectitfg the length of the cord. 

The cranes of th^construction in the CrewO Worjks are of two 
classes: longitudinal overhead i^ranes, lifting loads up to 25 tons, 
and traversing-jib-cranes, lifting 4 tons. The cranes are all driven 
hy ciidl<\ss cords running along tfie. tpp of the shops, close to the 
roof tie-beams. The overhead traversers are worked in each case 
l»y a mail seated on a platform attached to the crab, and moving 
will I it ; and the jib-cranes by a man standing below at the foot of 
ilio crane, and walking along with it w^hen traversing; each man 
iiuving control over the lifting, lowering, and traversing movement 
by a. set of handles. 

Fig. 225 is a transverse section and iJan, shortened in the 
(lifcctiou of the length, of the engine-repairing shop at Crewe. 
The two pairs of overhead traversers A A and B B work on two 
)ur:ill(!l sets of rails, each having a span of 40 ft. 7 in., and 
a longitudinal traverse of 270 feet. , The girders forming the 
ioiigitudiiij)! rails, are carried i»y the side walla and by columns, 
:it a licigliL of 16 feet above the floor. The two pairs of traversers 
s(‘j)arately worked by the endless cords C 0 and D D, ea^h cord 
lu iiig curried down the side of the, shop, and returning along the 
same side, but at 4 feet lower level. The course of the cords is 
in licatcd by the arrows. In order to comihufiicate motion to the 
iraxcu’ser and cretb, the driving portion of tlic cord is carried across 
ca(*h traveiiser to the iatiher end, and back again before passing on 
tilt' main driving pulley, V 

The cord isu’eturned round a tightening' 4 feet dia- 
meter, at the ehd of Jhe shop, carried in a horizontal slide frame 
l'\ as shown to a l^er scale .in . Fig. ^26. To this frame is 
coniieeied a weight ; Fig/ 2^," for ; the purpose of giving the 
] <‘(|uisit 0 tension toy the dimog^-^td, und taking up any striTch- 
iiig or temporary variation' bf length . due to change of load or 



688 


rOUKDINa AND CABTIN3. 






590 


TOtIKDIMO ASS OABTINO. 


wb^ls mounied iii the oaid-iron'. carriages, into which the eiitls of 
.the beam fiViaie fixed as ehow^n in. Fig. 

The lo&gitadiuu.l driving gear, shown to a larger scale in 
Fig. 228, is idaoed at the end' of' the traverser. It consists ef a 
doable frictioS dii^ E, the vefilical spindle of the drivii)‘jc 

pulley L, in which the dxhri&g .d^ rrans. The spindle footstep and 

OVERHEAD tHAbsjRSVwC CRANE 
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guide M are carried by thcr dc^ida lever N, which is connected to 
^brt lever on the horiei^M'^ESii^ P^ !13u8>shaft extends aemss 
the iffhole length of the traveniei^ Mshowi^S^ .0 0, in Fig. 
and is under control of the'; attendant hj ibans of the lever 1 
sliding bn the shaft 0, Fig. 230, ■'with ihe crab, whereby ibo 
friction disc Fig. 228, is.^feed Ibwfflj^;- jp, as to be brought 
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into contact with the friction pulley P, either at bottom or at top, 
accordirifj to th^j^ection in which the traverser is required to 
move. The mo^n of the friction pulley P ia reduced by tlie 
worm or worm-wheel and spur-gear to the pinion shaft Q, w^hich 
is carried across the traverser from, end to end and by moans of 
])iiiioiis, driving the carrying wheel ' at each j^d of the traverser, 
Fig. 227. The frictional surfaces of the driving disc K are com- 



' Fro. 229. 

posed of rings of aldSb wo^ cut with the fibre on end ; the edges 
of the wood rings are bevelled, and they are secured in their placcis 
by an inner iron ring, as shown blach in Fig. 228. 

The pulleys for returning the driving .oc^rd , from the fartlier 
end of the traverser are shown separately' ^ 229. TJa^y 

work in the inclined position shown, in ord^\hai the cord which 
has passed over the traverser wy he returned at 1 J inch lower 
level, and at the same time in a Afferent vertical plane, as shown 
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at A. This is done in order to facilitate the lowering and lifting 
movements^ as afterwards described, and in order ilnit 

the two cords which are travelling in opposite directions, may not 
rub against each other by the swagging of either of them. Tli(‘S(' 
pulleys are keyed upon wrought-iron spindles, running in long 
bearings, which are placed wholly below the pulleys, on account of 
the small amount of clearance between the roof-principals and 11 le 
pulleys, only 2i inches. The weight of the pulley and 6pindl(^ is 
taken by a brass footstep. The bearings are of cast iron, and aro 
chambered at the top for the convenience of oiling, which is done 
by raising the pulley by hand until the spout of an ordinary oil- 
can will reach the chamber. In the event of the cord leaving 11 m* 
pulley from any cause, guards are provided, as shown at A, in ordur 
to prevent accident 

The crab of the traverser is shown in elevation and ])lan in 
Fig. 230. It consists of a pair of cast-iron frames, carrying a 
chain barrel, lifthig and lowering, and traversing gear; the 
being carried upon four flanged wheels running on rails boltrd 
.^on the traverser beams H H. 

The plan of lifting and lowering gear is partly shown in 
Figs. 230 and 232, and in detail, to a larger scale, in Fig. 2oJ. 
The double-grooved pulley II is keyed to the vertical spindle, and 
is put iu motion when the cord is pressed into cither of its groovc-s 
by the presser pulleys S and T. These pulleys are of cast iron, 
8 inches working diameter, and arc mounted on short iron studs, 
tapped into the radial arm Z, on which they are carried, as shown 
in se^^tion. The heads of the studs are recessed to form a ] ( - 
ceptacle for oil, Fig, 231, the oiling being clone from the t«>]), 
through a hole drilled in the stud for that purpose. When at rest, 
the pulleys are clear of the cord, an4 are, therefore only running 
when work is being done. The slud bdirings are neco.-sarily 
short, in consequence of the small amount of clearance bi twcc'n 
the pulleys and the roof tie-beams, which at this point do not 
exceed inch, as seen in Figs. 225 and 231. The grooves in tlio 
driving pulley R, Figs. 230 and 231, are of different diamcitirs, 
whereby different velocit.o.'^ are obtained, the smaller being used 
for lowering and tlie lin ger for liftmg ; and as the two portions 
of the driving cord are running constantly in opposite din'clions, 
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il,.' r vcrsirii^ is obtained bj dimply pressing one or oilier of the 
cv)Mis into contact witli the driving pulley, by the presser pulley 
S or T, on the same side of tlie driving pulley in both cases, with 
a [»i essure proportionate to the work te he, done. The radial arm 



riait 
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Z ciiiTving the pressure pulleys S ami T, ttftnfl "apon.the spimllc 
A, 2‘U and 232, and the toothed seg^uent B, which is j'-ni 
oj’ (he same casting as the arm Z, gears into a rack at tlie end of 
;].t‘ jod C, Fig. 232, attached to thc.Uml lever 1). Tlie lever 1) 
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is bf iM sitendant, and is held in Us iilnco 1>y 

a notched sector. 

!E!ib^ Ihe dltjving fttlley R, tho velocity of the driving coni 
,ig traqsBiUted Ihroagh the worm and vlorm-wlicd 
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Uj Fig5,231. it oj^lir.tb bc^nom'^ space, tiie shaft of tlio worm- 
wLeel U is paatied mrQ^h, ^’:iiO^)Jow shaft on which tJie chutn 
barrel Y and its spiU<w^^^bii:b XBOpiCibe^ The number of rovolu- 
iaqhtiB fbrthei, reduced to the shaft W, 

<m yhieh slide the two ^imoha'iX-i^iof differont diameters, gearing 
alters^tedy into the fipar-wheela Y Y, also of different diaTuotcr.s, 
which S*o k^ed to the eltain j|wme|.Yyso ss to give a greater 
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or less purchase as required for heayy or light loads, the ratio of 
(hllcn'iico being ahoift 4 to 1, 

The cross-traversing gear E, Fig, 230, is similar in principle 
to the lifting gear. The two gr(!^;^ 0? the driving pulley P are, 
iiowcver, of the same diameter fii th^jciee,, the Telocity of traverse 
be ing the same in both directions, • The pulley F is placed on the 
opposite side of the driving cord to the! pulley E of the lifting 
goal', so that the cprd, when used for traversing/ may not foul the 
lifting pulley. The rafijU^m G, carrying tlie press^^f pulleys 
hcloTiging to the drivmg^^|Eey P, is worked by a racM||M seg- 
inoiit from the hand lever J, Fig. 232, which is adjacent to the 
hixiu] lever D of the lifting and lowering motion. 

I'he cross and longitudinal tmversing movements are made at 
the rate of 30 feet per minute. The heavy loads are lifted at the 
rjite of 1 ft. in. per minute, and th^. light ones at the rate of 
it in. per mitiute. 

Traversing Jib Crane. 

bh'g. 233 is a transverse section and plan, shortened in the 
-Jin ctioii of the length, of the wheel shop containing the pair of 
ft averbiug jib-cranes. A vertical section and front elevation of 
lu ll of the two jib-cranes A A are shown in Fig. 234; they 
have a radius of 8^ feet, and a traverse of 120 feet along a single 
rail bolted to the floor, and are guided at the top by a pair of 
ginlors B B, of H section. The top of the crane carries the 
gnido roller C, which just fits in between the two girders S, and 
sri'vfjs to support the crane laterally when lifting on either side of 
the rail. Tb^riving cord is carried down to the shop and back 
again, as inds||ed by the arrpwlin the plan. Fig. 233, just below 
11 1 C roof tie-beams. In its course, it is passed round nei^iy half 
the circumference of the driving pulley D of eacb.c^ne^ by means 
of the two guide pulleys B E, the one crauj^ ilbeiag driven by the 
ouigoiiig cord, and the other by The gaidell 

])ulioy8 E are carried by a guide brad|^et the top of the 

crane post, Fig. 233, and traverse ^wiife the crane. The tightening 
gear F is similar in its action to^ihat already descriW for th« 
oirrJn'ad traveiser., * ’ , 
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Tij(‘ cnno is constmcled cf the plate-l>ox frame G, 2154, 
i(n iirmi 2 ^ thc3 base, and carrying the vertical cast-iron pillar H, 
101111(1 wliicli ^he outer casing and its attached jib K revolve. The 
(ti'iN pulley D is keyed to tb^^rticol shaft I, passing down the 
c. ulre of the crane post, and from tl;ts shaft all the motions are 
1;ik6'ii by means of frictional gear. The lifting and lowering gear 
4 consists of the double friction-cone of cast iron L L, sliding on a 
last key on the Vertical shaft I, and moved up or down as required. 



io bung rlie lower or upper frictional surfaces into contact with the 
Muglc central friction-cone, from which the motion is transmitted 
and reduced through tho worm-wheel and train of spur-gear to tlie 
cludn barrel, as shown at J in Fig. 234^ The whole is carried by 
t]i(‘ cast-iron bracket N, which is bolted to the outer casing of the 
craTio pillar, and revolves with it. The bearings for Iho driving 
sliail 1, above and below the double friction-cone L, arc of cast iron ; 
lull i!ic horizontal worm-spindle runs in brass bush, the end i)res- 
Miu', ^Yhen lilting, being takeui by tW * 3 olIar of the bush ^fnd tlio 
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end step- The driving cones are raised or lowtered by means of 
the double lever 0 0 and brass clutclies, as shown in the enlargc*d 
sectional plan, Fig. 234, on each side of the boss of the lower cone L. 
These levers are placed under th6;^^e6 instead of between them, in 
order that any oil thrown oflf the ^OTars may not affect the frictional 
surface. The clutch lev^s are connected by an external rod to tlie 
hand lever F, at a convenient height for the man working the 
crane, as shown. ; ^ 

The traversing motion shown ai;j|i|^milar in principle to the 
lifting gear, consisting of a single fri<ip|Pcone keyed on tiie })oit()!u 
of the vertical driving shaft I, which communicates a backward and 
forward traverse when either face of the double cgne S is hrunglit 
into driving contact as required ; the motion being transmittt'd t-> 
the carrying wheels by the horizontal shaft T through the train of 
worm and spur gear indicated in Fig. 234. The traversing near 
is applied to both the carrying wheels, in order that thoro may l»e 
sufficient adhesion when the load overhangs either end of the eiaiu*, 
which would not be the case if only one wheel were driven, and the 
load overhung the opposite end of the crane. The double cone S is 
moved along the horizontal shaft T by clutch levers U in a similar 
manner to the lifting and lowering gear. The double cones S are 
of cast iron, but the driving cone is composed of a cone of alder 
wood, which is fastened by lock-nuts and studs to a wrought iron 
disc screwed on the coned end of the vertical shaft. The traversing 
gear is carried by the bracket W, which is bolted to tlie foot of Iht^ 
centre pillar B. The bearings of the horizontal shaft T are of cast 
iron, and the bearing of the foot of the driving shaft I is of hra^s, 
the weight of the shaft being taken by the collar of the bush, on 
which rest the loicsk-nute sorewed on the shaft at that point, form- 
ing an adjustable coUor for taking up the wear, ^d keeping up 
the driving pulley D at the right level for the driving cord. T\io 
horizontal shaft T is carried at the end by cast-iron brackets, witli 
brass bushes to take the ond thrust in traversing ; the worms are 
pinned on the shaft. . 

TW jib ,^ of the crane is formed of tw;o wrought-iron bars, 
stiffened hi^ally by diagonal trussing, and tied at the projecting 
end to thenuter pillar of the crane by two tie-rods, as shown. 'I ho 
bottom j^essure of the jib is taken by the rojler X, which is carried 
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ill a cast -iron box lK)lted between tlie projecting sides of the outer 
casing of the crane, and tuns up the be^ed base of the cast-kon 
crane pillar H. The base O of, ihe^^rane is sufficiently long to 
s(‘ciire its stairility when the ma;sSmnm load is lifted OTer the rail 
or lengthways of the crane base* ' 

Ill those cranes, owing to tbe high speed at which the driving 
cord runs, the power is applied dA a very long Jbverage over the 
load to be lifted: The velocity of the cord is in all cases 5000 feet 
}>( 1 ininiile, and in tbe ovesyb^d traversers the h^vy loads are hfted 
:ii the rate of 1 foot 7^ inilies per minute, the total Lvei-age being 
sh-bily over 3000 to 1 ; so that in this case the driving power re- 
• juiivd to lift the maximum load of 25- tons is only Ifil lbs,, irre- 
sDf'ctive of friction. When lifting light loads with the traversers, 

1 ik‘ speed of lifting is increased to 6 feet 5 inches per minute, being 
a lox erage of nearly 800 to 1 ; and in the jib cranes, which lift up 
Ut I tons, the speed of lifting is 5 feet inch per rbinute, giving 
a l(*verage of nearly 1000 to 1. The actual power required in the 
1 raversers for lifting a load of 9 tons, besides the snatch-block and 
chain, lias been found to be 17 lbs., acting at the circumference of 
the driving pulley at the point where the driving cord acts upon 
it ; and thc^ total leverage over tbe load being 3000 to 1, the portion 
i(^([nirfid to sustain tlie load is 6 lbs., leaving 11 lbs. as the working 
].(k\er required to overcome the friction of the crab-gear under that 
load. The crab, when unloaded, is found to require a driving power 
of I Jr lb. to overcome its friction. 

1'iie iiglitening weight G, Fig. 225, is 218 lbs., or 109 l];>s. on 
each iialf of the driving cord; and this is found to be about the 
best working strain for keeping tlie rope steady, and giving the 
recjuired hold on the main driving pulley, and the horizontal 
j'ulh'Vd of the crab. The limit of the weight G is that required 
to give steadiness to the transverse portion of the cord situated 
the crab pulleys and the end of the ^yeiser, which is 
iiiisup])orted for a length of about 30 feet .wW is close to 

(uid of the traverser^ . , , V ,7 * 

The driving cords employi^ ar^ §oft ^hite .cott« cords, ^ inch 
tli:nn<der wdicn neyv, and weighing fiboTit 

bc(*()nie reduced to about inch |)y^*siretrch:^g, and tre found to 
last about eight months in smaller cord^of about 
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j| inch <3iaijieio!;'y/as originally ns’d; it was, however, found de.'^ir- 
able tqj adopt a cord J indi diameter afterwards. The total lentil] 
of each of the two iivihg cords is, in Fig. 225, 800 feet, and iii 
Fig. 233, 820 feet. The wear and tear of tlie cord is considered 
mainly to be influenced by the bends to which it is snhj^’cted in its 
course ; and the pulleys. over which it is bent arc therefore none ol 
them made less than 18 inches diameter, or about 80 times t!'«‘ 
diameter of the cord, excepting only the presser .pulleys of 8 incljt*.^ 
diairi^er, for pressing the cord into the grooves of the drivin.i^ 
pjilleys in the overhead traversers. In the jib craiu's the coid li is 
eleven bends at -all times, whether the two cranes arc working nr 
not; and in the traversers, the cord has twelve lends when bolli 
cranes are not working, sixteen when lx)th are lifting or cross- 
traversing alone, and twenty when both cranes are traversing and 
also lifting. 




Fig. 235. 


Tlie gieove of the driving pulleys is made V-sliapeJ al. an angde 
of 30 degrees, and snialler at the bottom tliaii the <iord, as slio\\n 
in the half full-size section at A, Fig. 285, so tliat tJio cord is gi ipi'f' i 
between the inclined sides, and does not reach the bottom of ti:o 
groove. In the guiding pulleys the groove is made Imlf round ;if 
the bottom, with the same radius as the . section of the cord, ;is 
shown at B, and in the presser pulleys the l)ottom of the groove is 
rounded out with rather a longer radius, Us shown at C. 

The cord is supported at .intervals of 12 to 14 hiet by iixcl 
flippers of a plain' trough .Action, in which it lies whilst rnnnine, 
as shown at, A'; Fig, 23(5. They are of cast iron, flat in the bc>i tom, 
which is 1|, inch wide, and with side flanges as shown in tie liaK 
full-size sipion at :i>, Fig. 236; the ends are hell-nioutlt d., .is 
shown at A. The slippers are fixed inch below the woikiu j. 
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]<‘V( l of tlie cord on tlio driving side, so that the driving wheels 
l»:iss dear above the slippers in the traversing of the crane, and 
liii a. ])(^rtioi) out of them successively iu passing, as indiclEed by 
llitj ie!ativ(3 position of pulleys shown at C. 

In experiments made with a nufulxjr of slippers carrying dif- 
j n'ul w<^iglit,s, the fricjtion between tbe cord and the slipper was 
iouiid to b(3 about § of the load ; but as the total weight of tliat 
]Mn lion of the cord which rests on slippers is only 50 lbs., and the 
w!iol(‘ friction consequently amounts to only 20 lbs., it is not con- 
sidert'd wcu’ili wliile to complicate the system by the introduction 
(d‘ ] ml leys for supporting the cord. No care in oiling is required as. 
1 f ‘^.irds lb. se ]>earing slippers used in transmitting the povrer along 
tlj( s]i(>p, ijs is in the power cranes driven by continuous loiigi- 
I’idiiiid bliiifting, where tumbling carriers aie required, or where 



bcavy cords at low’ velocities are used, requiring carrying fmllcys, 
iJic b(‘iii’Uigs of which need regular oiling. By means of pull cords 
]^ls^illg from end to end of the shop, the main driving gear for each 
jiiiir of traversers niny be stopped at any time by the men \^)rlving 
liMversers, so that when the cranes are not working, the whole 
oi t]j<‘ high-speed gearing stands idle. 

The diameter of the wvnm-wdieel U of the lifting gear iu the 
‘Jb-ioii traversers. Fig. 231, is 24J inches at the pitch line, and 
tills is driven by a worm 3 inches diauieter at the pitch circle with 
J Ineli j»iic}i, tlie imdinalion of the threads of the worm to the axis 
of l!u‘ worm-wheel being 1 in 9.J, 1 in 9*4. This is found to bo 
s ilrlv within the angle of friction, so that the will not slip 

)‘;K'k with any weight it has to lift; and it thus aiforcls a completo 
mriiiis of bolding up the weight at ailj' point, without tlic v.so of a 
l>r,ike, and of lifting or lowering it instantly without the sboLlesi 
jrrk. The pitch of the worms has, however, been so arranged that 
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in lowering but little power is required further than to put tlic 
geari^in znotiotL; Theapeedof the wonzm at the pitch lihoa is 
833 flip, per mintite for the lifting gear of the 25- ton traverstir, 
and 486 feet per xninute in the jih-eranes. The pressure on tlio 
teeth of the worm-wheel in the traverser, when lifting the maximii m 
w^eight of 25 tons, is 9 J cwt, and in the jib-cranes when lifting tlu? 
load of 4 tons, it is cwt. In the practical working of the 2r)-ton 
traversers, however, the strain seldom exceeds one-half of the given 
amount, since in lifting very heavy loads the two cral^s are usuiilly 
employed in conjunction. 

The action of these cranes is very smooth and easy, and all tbe 
movements are readily under control, but they absorb a good dojil of 
power. It is therefore essential to the successful working of tliis? 
system to reduce the friction as i^ch as can he by employing wfdl- 
made carefully balanced pulleys, and having as few bends as possible. 
The pulleys at Crewe are finished by balancing them on a pair of 
parallel straight edges, and adjusting their weight by liling and 
scraping, until they remain at rest in any position ; when so adjusted 
they work smoothly and steadily. 

SiifiL Wire Hope Gbarbr Cranes. 

A system probably better adapted for heavy foundry practic(* is 
that in which a steel-wire rope working with a clip drum is employed, 
instead of a cotton rope acting by friction only. A crane on Hi is 
plan was described and illustrated by Mr. John Feniie in tlio 
‘Trans Inst. M. E." in 1868, from which we extract the follo\Yii)g 
. description. 

The wire-rope crane, Fig. 237, is employed at the Steam Plough 
"Works, Leeds, for lifting heavy work ranging from 15 tons down- 
wards ; it has a span of 40 feet, and traverses k length of 180 fwit. 
The three different motions for longitudinal traverse, cross-lrnver.sci 
and hoisting, are all derived from one endless steel- wire rope, ^ inch 
diameter, and weighing 2 lbs. This rope is driven at a 

speed of foiur ,^||bs an hour^ % meaim of a clip pulley fixed at onn 
end ofthesbpj^'whichisdrivenby ,belts and gearing from the engiiKi 
working in the shop. The rope Extends the whole 'length of ono 
side of the going and returning on the same side at the l(>\ rl 
of the traveller, and passing round a JoO^ pulley at the fartlier end. 
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'I'lie rope is entirely unsupported between ibe two ends, and is not 
strained tight, but hangs loose with only a dight tension, because 
the iKiculiar action of the clip pulley allows of the whole power 
bcdiig communicated to the rope, by the grip of the pulley through 
half its circumference, even when the tail-rope is entirely slack. 

The clip pulley A, fixed at the end of the shop, is speeded to 
dri^ e the wire rope B B at the rate of four miles an hour, and lays 
hold of the rope with an amount of grip proportionate to the strain 
thrown upon the rope by the load, releasing it from its grasp when 
tlic; rope has passed the centre line. The construction and fixing 
of the movable jaws or clips round the circumference of the clip 
j.ulloy is shown sixe in Fig. 2H8. At one end of the tra- 

^ oiling platform C of the clUie, is fixed another clip pulley D, also 
enlarged in Fig. 239, of the same size and construction, round which 
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same wire rope passes, making threenjuarters of a turn. The 
ro]>f» then j>asses on to the farther end of the shop, and rougjtl the 
groove pulley E at that end. Tliis pulley is centred in a sliding 
frame provided with an adjusting screw G, for tightening up the 
rope to any tension required. It lias not been found neiJessary 
lo have any sliding weight attached to this frame, for Variable ten- 
sion- of the rope. The wire rope has no slipj>ers orcarrying pulleys 
to support it, and is consequently free from the faction that accom- 
l-aoios their use, nor is it considered necemry to use carrying 
j)ulliys for distances under 600 feet. The eb^ for which the crane 
illustrated was made is 180 feet long,. rope hangs in a 

cabniary-curve through that distance from a straight 

liiKi I'ciiig !> inches to 2 feet, accoidiug tdi'^i^egree of tightening 
by the end pulley E. ' 
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'11 10 i^oariiig for working the longitudinal traverse and cross- 
i]’av(‘rse, shown to an enlarged scale of Fig. 230, is of tlio 
oiilinary desci ijition, the motion l>eing communicated from the cli[» 
])iilh‘y 1) on the travelloi*, by means of friction clutches. The Ion- 
inlinal traverse lias a speed of 30 feet j)er minute, and the cross 
1rav(‘rse 20 feet per minute. 

The lifting gear consists of a very long cast-iron nui or screw( d 
Imi-kj! H II, ex^Rliiig nearly the whole length of the traveller, :is 
shown in Iho plan Fig. 237, and to a larger scale at A and IJ in 
1 ig 210 ; and inside the barrel works a short screw I, sliding on 
two fciiUi( rs upon the long shaft J J, which is driven by a friction 
olutcdi from the eli]) pulley D on tlie traveller, so that by the revo- 
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InlitJii of the shaft, the screw is traversed along with th^ barrel, 
^riie long driving shaft J is supported at intermediate points of its 
hMiL;th, by tlie two sliding brass steps K K, as shown at C, Fig. 2-10, 
sliding along freely with the barrel II, and kept apart from eacli 
<.tlit'r at the distance of half the length of the barrel by the rod L ; 
].y this means the shaft J is never left unsupported fur more tha-n 
half its length. The screwed barrel H is east in two Inilvos 
longitudinally, and Ixilted together, as shewn* in section at I>, 
and the pitch of the screw head is 11, inch, the diameter boing 
indies. One end of the hoisting chiin hemp; aitached to the 
s('r(wv frame M, as shown at A, the ch^.®;passes along tliromdi 
th(‘ inside of the barrel H, P, ;d the failiier 
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ond of the traveller ; then over a pulley on the cross-travej-sijiir 
(‘jin irtge 11, Fig. 237> shovm enlarged, down to the snatch-hooli S, 
and tip agaii^ii^r a second pulley on the carriage R ; and th(‘ viul 
is attached nearest extremity of the traveller at T. TIkm o 
is no reasott, however, why an <nrdinary i»ah might not he iis. d, 
worhed by a shaft extending from end to end of the traveller ; ^l 1 u^ 
that plan is adopted in some instances; but for heavy weights it is 
still considered that the long screwed barrel above#escribed is i)rr- 
ferable. The crane has two ap^s for the lifting gear; one Ining 
at tho rate of 6 feet per minute, the other at the rate of 3 j.er 
minute, and at the latter speed the crane is calculated to hit 
15 tons. 

It is most desirable that all machinery of this kind should bo 
kept running constantly, so as to be available for immediate usr 
at any moment when required, vdthout any delay in starting it 1o 
work ; but inasmuch as the total time during which the crane is 
actually in use does not amount to more than about one hour out 
of ten, it is of special importance that the power employed to 
drive the rope when the crane is not in use should be reduced to a- 
small an amount as possible. If a quick running rope is empioy^nl, 
the absorption of power for keeping it in motion forms a larue 
proportion of the total power required when lifiing a load, and tins 
is a loss which is going on throughout the day; but when a lew 

speed of rope is employ4^,;the constant loss is greatly reduced 

The pull required to rope in motion when tho emne is 

standing idle is 128 db^ When lifting a load of 10 tons at tlu^ 
usual s.peed of 3 fert per minute, the additional pull upon tljo 
rope due to the load is 191 lbs., making a total pull of 319 lbs., 
and the horse-power required with the wire rope is consequenily 
3*4: horse-power with a load of 10 tons, and only 1*4 horse- 
power when standing, idle, these amounts being very much less 
than in the case Of the quick-moving cord crane. 

ELEdTEiq Cranes. 

In ailifee methods power previously re- 
ferred i ;?ery la||p^ropor#on.'b^ power absorbed is dis- 
sipated in this loss is as much as 
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Tf) per cent, of ilie total power required when the (;rane is in 
ojKn'iition at full load ; it must also be rememWed that while the 
craiio is only used intermittently, the loss of i^erg3|ia maintaiiiiu^j 
1h(^ speed of driving ropes or square shafting, as Iwcase may be, 
is coTitiunous and represents, a large] proportion of the total loss. 
'File all-day efficiency of such cranes is, therefore, very low indeed, 
and if we assume that the crane is: in active operation for one 
hour out of every three, with the most efficient working load, so 
that during the hour the efficiency is 25 per cent., then the actual 
^\orldllg efficiency, that is the ratio of the useful work done per 
d;iY, to the power daily absorbed by such cranes is less than 
IT) per cent. 

The continuous noise of rope or square shaft driving gear is 
ihereibre not only unpleasant and irritating but costly, by the 
necessary iip-keep due to excessive wear and tear. 

AVliere mechanical means of power transmission have failed 
electricity has come to the aid of the engineer, and now by its 
iiii .nis tliis important branch of engineering has been completely 
ie\(dutionised. In the earlier forms of electric, cnines one motor 
only \Aas used, the armature of which was coupled to the first 
liiotiori spindle, while the crane with its various clutches and 
^(‘Siring remained as before. 

The more common practice now is to use three separate motors, 
though some makers still prefer to u$|^||b arrangement with single 
motor. Til the latter case the eleC!i|j|P^btor is generally shunt 
^\^)und, and a special form of friction giftt employed ; such friction 
-car should 1)0 capable of reversing the motion, so that tli^> motor 
shall always run in one direction. A very excellent gear for this 
purpose is that patented and manufactured 'by WimsLurst, Hollick 
and t"o., London, by means of which the motor is always started 
on oj)HTi circuit (i.e. without load) and the load gradually thrown 
(.ij. Should the load be too great for the motor, the gear skids 
and the motor armature is thereby protect^; with this gear it ir 
only necessary to provide a simple sta^rting rheostat to start the 
motor on open circuit These shunt-WjOUnd motors running at a 
liigh speed (in many cases 2000 mipl^bns per minule) makes 
the combination a comparativelf cl^apci^ to produce. 

A sliunt-wouud motor inns consUmt speed at 
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all loads (no load to lull load), but the stnrtinf/* tonino or ( floi t 
to revolvers a^all, .In a series-wound motor, on the (^ilioi* Inm-I, 
the startingi|||bu is very great and the speed varies inJiro(;tly as 
the load* shunt- wound motors, therefore, it is ru'cossaj v to 

first run the' motor up to its speed on open circuit, and thou Jipph 
the load gradually by friction gear as in the case already dcsori^x d. 
With series- wound motors sucli friction gear is not nocossai \ 
because the starting torque^ is great; but in order that the s])o»m 1 
at light loads may not be excessive, it is essential that such mot(jrs 
be designed for a low speed at full load. 

In three-motor cranes it is almost the universal practice to usi- 
series- wound motors, each of which is provided with a separ.df* 
starting and reversing switch, so that either of the threo-moioi 
armatures can be started or reversed separately or all together, as 
is often required in ordinary foundry practice. 

Fig. 241 illustrates a modern 20-ton eleciiic three-moidr 
travelling crane recently designed and constructed by 
Vaughan & Sons, Manchester, which may be taken to repress iir 
the latest and best practice for Ibis type of crane. Thr 
here are designed to suit the crab, so that the armatures and 
field magnets are inside the checks, while the coiniimiaiors an i 
brush gear are outside as shown, where they are easily acee'-si])in 
for inspection and adjustment from the platform shown alom- 
one side* . ' 

These motors are for the following speeds : — 

Howtis^ motor .. .. *. noo revs. i>er miimto. 

Crots trft verso motor' .SOo „ 

Longitudinal traverse motor.. .. GOO „ 

The former two motors are mounted or fitted to the crab. 

In conjunction with the hoisting motor is fitted an clcciro 
magnetic release, which is so designed that it relieves the brake 
and renders it inoperative, sb long as the hoisting motor is in iisf\ 
Should the supply of cufreht fail, the brake comes immecliattdy 
into action, and the load is thereby held suspended and cannot 
run down uncontrolled. 

The longitudinal traverse raofer is generally fixed on the cage 
end of cross girders. Jn the cage referred to and shown in 
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Fig. 241, ire. placed three coatrollmg switches S^, and 
of the Fosters* patent liquid resisting type wiili 
reversing ? '' - ' . ■ ; 

to the use of liquid resi.d- 
anc^ (m acHsemnt of action which fakes places aTid 

also hecau^ with such resista^^ it is impossible to regulate llu^ 
speed of the motors* i^ fi^rds the low speeds for which tlu^ 
mbiors on the Yaughiu^'^ are designed, although iiivolvini^ 
largir and more costly machines, it is considered that tlic 
diminished wear and tear easily compensates for the incroa'^'d 
cost, and at the same time Jby eUminating the liigh-spped geni- 
wheela smoother running is insured, and it is stated iliat tests oi 
a siandard 10-ton crane of this type have shown a mechaniciil 
efficiency of 50 per cent. 

The following particulars* have Special reference to a Vanglurj 
50-ton crane, designed for a span of 50 feet. I’he head nmn 
occupied, i.e. the distance from the gantry rc^ to the nearc st loof 
tie, is 9 feet 6 inches. The girders are double-weh section, con- 
structed of thick mild steel plates, 6 feet deep at con ti e. and 
each well strengthened with 6 by 3 by j-ineb steel T stifll ncrR. 
The crab sides are also made up of double steel plates firmly 
stayed togeth^itand fitted throughout with steel axles which run 
in gun-metal b^in^» . ; 

The followjtig ^Mi^^;are the rates of speed obtained for tiio 
various'npemtioiA;'''';^^^ 

•• 200 feet po,r minute. 

.. 100 „ 

.. n 

•• n 

.. 12 « 

...24 





The barrels liave right aiid left-hand grooves suitable for sto(d 
wire rope, in order to obtain a trueifvertiCfid lift (most essenHal in 
foundry pmctice) of the load, 25 feelvfl^^h, and at vhe same tiim^ 
distrib:^ tfee load e(iually on each cross ^rder. Toe hook is snj) 
cast-steel balh a^ the head, to 
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lu riuii of ilie maximum load being revolved freely. All gear- 
wheclf' running at the quickest spe^d.aro machine cut ; the large 
on the main barrel is of cast.^eoL 
Tlie total weight of the crAriq: wi& full load is 95 tons. 

242 shows the gesiei^: airrangement starting, 

rf^versing, and speed regulating switch of the metallic type, 
with wire resistances, as designed a^d, Messrs. 

]\hr A\ilay, Clark and McLaren, electrical, ■ engihei^^ 

starting handle H B is hung on flie central spindle, and fitted 
wiMi a strong spiral spring to insure good contact of the two gun- 
metal briflge-pieces B C (with contact points P P and P' P‘), whicli 
are iiisiilaied from the operating handle, and so arranged that the 
l»ridL:<^-j)iec.e3 and projections PP on the longer end connect the* 
outer quadrant bar O B^ and any one in the row of studs on the 
same side, while at the saftre time the bridgeq^iece and projections 
on the shorter end of the handle connects the middle bar 
31 B'^ and the inner quadrant bar IB* on the opposite side 
uliaiiiotrically), as shown in Fig. 242. It will be seen that the 
is oil, and tlio circuit broken in two places, as indicated in 
switch diagram C T S, Fig. 243. If the operating handle be moved 
i.uiud in the direction of arrow A\ immediately the bridge-piece 
I i C (on the longer end) corner into the position B C^, the motor 
.inuatuic MA begins to revolve, as the circuit is now completed, 
!)ul with all the resistance coils II 0 in series. If vre „continuo to^ 
move tlu' handle II B in the same direction A*, it will be seen that, 
as w(^ conic in contact with each successive stud, the resistance coils 
ii(; arc gradually cut out, until theibandle H B $nd th^ outer 
pyoj.'ci iiig ]oiut P is in contact with the last of -jfliilB mies 
which also acts as a stop to farther movement H B 

in this direction. The resistance coils RC are out, and 

(lie motor armature M A is running at fhll spee^, f If, 'again, we 
wisli to reverse the direchuu of levul^ion of tjije M A, 

<li(‘ handle II B must bo moved back as 

imlicated by the dotted arrow A*, in , , fanner 
c(uls UC arc' reinserted one by one, till 
31 A is practically at rest by ihe time ^ei'^b^Sle H B readies the 
lutcnucdiate position BO, Contmip^^ UOW to move the handle 
IJ Jl in tli(‘ direction of the dotted the motor armntirc 
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M A will begin to run in the opposite direction when the lunidle 
H B is in position B C®, and the projecting point P in contact witli 
the first stud B' of the opposite series, and the whole of tlio r(\sist- 
ance coils represented by KC* are now in series. Continuing to 
move the hfl|ii|j|le H B in the ^me direction A®, tlie resistance coils 
RC' are one by one cut Out until in the position BC^coi ro- 
spending to contact with the last or stop stud of this serit s, 
and the motor is again running at full speed, but now in tlm 
opposite direction. To stop the motor, the handle H B Ls hr >11 g] it. 
back to the intermediate position BC, and in doing so, tlic ro 
sistances E C* are reinserted one by one, so that the motion of 
the armature is arrested, or stopped if desired. 

The actual path of the current in these two cases of revolntion 
in oj)posite directions is clearly shown, in Fig. 24J3, at 11 S Jiud 
LTS, and if we follow the direction oP current, indicated by tli'* 
arrows drawn in full, all the way to the armature binsh B\ and 
dotted as it leaves the brush B®, until it readies the negative ter- 
minal B* of the dynamo DA, it will he seen that the ciinxnt 
always flows in the same direction through the field magnet coils 
F M C, and that the reversal of the direction of revolution of motor 
armature is obtainfji|, by simply reversing tlie direction of the cur- 
rent passing thrs^^^it; this can be readily done by means of the 
switch asdesoribfe^.^if . 

When the resistances EC and EC' are used for regulating tlie 
speed, as well as for/Starting purposes, tlie coils must he Iic.ivy 
enough to carry the total armature current without undue iK^atiiig, 
but otff^rwise tbe'hrraugement is the same. 

Ju the l)^*|iraotice an emergency or double polo main switcli 
M S, (•ontrolli^*’tlj<^ ^rrent for the three motors on the crane, as 
indicated ib Figs. ^2 and 243, is used in addition to the ilin c 
separate coutrojfing switches H S, L T S, and C T S. An ammeter 
A M is also often provided to enable the attendant to see ihr. poxsrr 
being absorbed. 

‘ Jn diagram h’lgs. 242 and 243, it will be seen that each motor 
on the requires four (4) separate wire . conductors ; these con- 
ductors, as also the main conductors P M and N M on the gjinti y 
or longitudinal girders, are bate copper conductors, resting on 
jiorcelain in^liters bolted to tlie girder?. Connection is imido 



roUNDRY LIFTING 


61:5 


Willi tlio motors and switches by means of insulated cables attaclied 
i<; ( (jllet^ting shoes, as indicated, which shoes, as the crane travels 
along, lift the conductors clear of the insulators. 

'J'hc necessary current may be obtained from a dynamo as indi- 
cat 'd at 1) A, Fig. ^42, either on the. premises, driven by a steam 
engine or otber prime mover, or, when, the premfaes are situated 
wiiLiri tlic area of a supply company's mains,, w furrent may be 
oliiiiiiKMl from this source. 

In general, if electricity can be used all day for purposes of 
power or lighting, apart from the cranes, it will be more economical 
to lii'iiLiiate the current on the premises. If, however, the cranes 
]>o the only electrical equipment, it will l^e better policy to get the 
curr*;iit from the supply company’s mains. 

The efficiencies ol the various elemimts in an electric system for 
tninsmissiou of power, as applied to a three-motor overhead travel- 
ling (‘nine such as thjit described, are stated approx imatr ly in the 
Oiitside column to the lelt of the following table. The comliined 
. l!i(*i(‘U(*i('s of the progressive coiiibinations of these elements are 
.'ilso cnleiilated and slated as follows; showing that after including 
the friiiion, Ac., of the crab gearing, the efficiency of the entire 
system is TH) * 07 i)er cent., 

work done in raising a load bO * 07 

^ s: _ 

indicated liorse-pow’er of steam engine 100*00* 


(* !ini fn-iuo (I hor»c-jwwcr (JI.P.) . 

hiiiU „ (U.Il.P.) 

Milun-i.*")' of (luiumo DA 

„ CMiidncloivs P M, N M, vVo. .. 

„ cl' ctrii.* ino^or M A (B.ILP.) 

„ rinne and winoh yoariiig 


prt i-rrjt. 

200) 

yW 91 p. Ci 
91 !>• 

96 P-®- 

85.. .. ..1. C7-56 P.C 

75 .^, .. .. , .. 


Fig. *2 FI represents two different kinds of double^' hooks, the 
ndopl ion of either of which is of considerable advantage by enabling 
.‘I moulding box, ladle of metal, or any other heavy loads, to be 
iiMii^^fcrred conveniently from one crane to .another without the 
lu cM ssity otherwise ctf lowering the job on the floor, and a corre- 
sponding amount of time lost. The double hook, to the left marked 
A is ilie form most commonly adopted., because it is the oldest and 
b(‘^l known. Thf^ hook and double-eye arrongemont to tbe right 
nuiikcd li, however, is considered, Vjf those who, have tried it, to bo 
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oven tn%fi couvfeui+Bt In t'*‘is latter arrangement tlie doullc liook 
at top end i$ replaced by two eyes or shackles, each of whidi i.s 
mounted on separate pins PP\ so that they fall over when dis- 
ehgag^, and remain in a horizontal posit’.on by means of a slopjier 
piece E, formed on one eye of e&ch at opp^te sides as shown. 



it, as showniiat C dotted. When the dotted hook C is rai‘<cd, it 
leadily eagliges with the eye G, and when it has risen high oiioii;;!i 
to take thie wniin, the op^site eye F slackens, and begins to f..Jl, 
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until it also has reached a horizontal position, where it is held hy 
the pawl-piece on the other side (not seen here). The raising of 
the load, which now hangs oli iht eye G to the right, and dott(‘d 
liook C. if continued will ultimately, disengage the eye F from the 
liook at present in positiou» which is^ of couJrse,. the desired object, 
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1m g. 245 shows two sections^ and the general arrangement, of 
sling chain gear, in order to illustrate the application of a very 
iiigenioas and handy form of chain clutch, patented and introduced 
])y JVIegsrs. Herbert, Morris and Basterts, London, the object of 
which is to enable the ch£UU:slmg to he readily lengthened or 
sljortoiicd, if ncccssaiy, by one of the chain or more, until the 
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chain sling becomes doubled, and therefore half its original Icnglb. 
The advantage of this is obvious, especially in foundry practice, an 
it enablas each leg of the box part slings to be readily adjusted, so 
that the. box may bo raised in a perfectly level, or other desired, 
position. By the special form of hook shown, the grip becomi s 
tighter the heavier ^ load, so that it is impossible to dislodge it.. 
while on the oth«^i^," i^l»coipeB easily unhitched irolnediutt ly 
the load is off. dutches are made of toughened crucible 
steel, aii^ested to SO^rdehi beyond the Admiralty proof strain 
for the heaviest chain that each size of clutch will admit. 
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CHAPTEE XXIIL 

CAST STEEL. 

The Jefailed consideration of the various processes employed in 
the nuimifacturo of steel would be a digression from our subject, 
and Ihe present chapter, tlierefore, deals chiefly with that mode in 
Avliicli casting steel from the crucible is employed. In treating the 
siilyect of steel at large, Mr. W. E. Hackney, in a recent paper 
bel'oro tlie Institution of Civil Engineers, gave a remarkably 
cl(‘ar account of the manufacture of crucible cast steel; to this 
paper we are largcdy indebted for our information. 

Tlie fusion of the materials in crucables is the simplest and 
>‘!dost form of making steel, and has been practised by the Hindoos 
iVoiii a very remote period. In the Hindoo process, a small 
(jUfintity of wrought iron, from ^ lb. to 2 lbs., either in one lump 
or cut into pieces, is put into a crucible of unbaked clay, together 
with one-tcmtli of its weight of dried mould, the whole being 
covered with one or two green leaves and luted over. From 
lourteen to twenty-four of these small crucibles are stacked to- 
goilicr, wiieii the luting is dry, in the form of a dome or beehive, 
an (opening being arranged by withdrawing one crucible Irom the 
lowest jow, to form a fuing hole. Fire is lighted inside the dome 
< 4 f crucibles, and the inside space in filled with charcoal, whicli is 
also heaped over the top. 1'he lire is urged by bellows, the blast 
liciiig introduced into the fireplace by a clay pipe, and in from two 
and a. lialf to four iiours the operation is completed. A new arch 
of crucibles is then constructed, and the process goes on night 
and day. , * 

The resulting steel, termed “ woolz,” is obtained, on breaking 
opem the crucibles, in the form of meltofi cakes, moulded lo the 
.-]ii;pe of the pots. These cakes are reheated for several hours to 
a iemp(Taturc just below their fusing point ; they are then allowed 
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to cool down, and ^ii®;dfawn ont at a very low red heat, as tlie 
metal cractsor crura®^ to pieces under the hammer if an attciu])!. 
is made to ferge it at a higher temperature. A forged bar ot 
wootz, analysed by Mr. Henry, contained — 

ObmVmod carbon 1*333 por cent. 

Unoombmed carbon 0*312 „ 

Total 1-C45 « 

or nearly the maximum quantity that is found in any metal lliat 
can 1)0 classed as steel. The object of making wootz with so high 
a percentage of carbon appears to be to render it more fusible, so 
that it may melt at the very moderate, temperature that cun lx*, 
maintained in the rude little furnace just described ; the fusihilify 
of compounds of iron and carbon increasing regularly as the ptT- 
ceniago of carbon becomes greater. Indeed, as Ilcaili has sug 
gested, it is probably found necessary, in order to ensure the I'usion 
of the metal, to employ a larger dose of carbon than suni(X‘s io 
form the hardest steel, and the excess is subsequently ronj(»v(; l 
before hammering by the prolonged exposure of the cakes <if mi'-tal 
to the flame. 

It does not appear that* any mode of producing a true 
tliat is a melted forgeable variety or alloy of iron, was known in 
Europe bc^fovo the last century. 

lioaumur, in 1722, published the fact that he had Ix'en very 
successful in making steel by melting together from a quaricr to 
a thinl of malleable iron with cast iron in a common forg*^*. Siu li 
a mixture would produce a highly carburetted and comjjarativel v 
fusible metal, much like wootz; and indeed it is only within the 
j)resent century that the improvements in crucibles and in furnaces 
have rendered it possible to manufacture a really mild skxd. No 
jiractical use seems to have been made of IWaumur s obscrvalioji ; 
but Ilurftsman, a clockmaker of Doncaster, commenced, betwe(‘ii 
1750-70, what appear to have been a totally independent series 
of experiments, which resulted in the successful .production of cast 
steel. Ilunismau’s object was, it is said, to obtain a more reliable 
materiiil for clock springs than the shear steel, cr highly ear- 
bnietted “converted’* malleable iron then used. The process Ik^ 
employed was that of simple fusion of converted bar iron of Hk 
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riMpiircJ Jcv^ree of hardness, a process that still holds its place for 
production of the highest qualities of tool steel.* 

From the time of Huntsman the principal improvements in the 
crucible processes of steel making have been that a small proportion 
of manganese^ in one form or another, is generall^added to tho 
iiKitalj the effect of which will be considered farther on ; that the 
size of the pots has been increased ; that two, and sometimes four, 
arc luxated in each furnace, instead of only one, and in many works 
tlic regenerative gas furnace is now in use for melting, in place of 
th('. pot-hole fired with coke ; that very much milder, less fusible 
metal is now often melted ; and that, as the knowledge of the 
chemistry of the subject advanced, every possible mode of 
making steel in crucibles hSi, at one time or another, been either 
tried as an experiment or worked on a commercial scale. 

'rims the direct melting of converted malleable iron of the 
i cquired degree of hardness, ^as the process of Huntsman, and is 
that still used at Sheffield for making best tool steel ; and, accord- 
ing to Percy, highly carbiiretted puddled iron, or puddled steel,” 
lias also been used largely as a material for direct smelting by 
Krupp, as well as by several SheflSeld firms. 

Tho plan of melting soft malleable iron with carbon is the old 
Hindoo process; a modification of it, the production of steel of 
diflbrent degrees of hartlness by varying the proportion of carbon, 
was patented by David Minhet in 1800 ; and, in modern practice, 
if the metal charged into the pot is a little too low in carbon 
t(i make steel of the temper required, nothing is morc^ .common 
than to add a small quantity of charcoal. 

'JTic fusion of re<luced spongy iron with charcoal or other car- 
Imietting agents is the well-known Chenot process, a systcin of 
]iiamifacture from which much was expected when it was first 
brought forward, about forty years ago, but vrhieji does not 
appc‘ar to have proved a commercial success ; though, from a note 
in the ‘Journal of the Iron and Steel Institute’ for 1872 it 
would seem that in 1871 it was still in use both at Clicby, near 
J’aris, and in Spain. Tho cost of labour in the Chenot process 
is high ; the consumption of fuel in reducing the ore to nu tallic 
s j ion gc is considerable; the reduction is never uniform and c(tm- 
])lctc; and tho final operation of fusion in crucibles is expensive. 
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the sponge, though strongly compressed into little cylindrical 
blocks before is charged into the pots, is, weight for weiglit, 
more bulky than cut-up pieces of compact iron ; so tijot tin 
weight 'of metal got out of each pot is much less than in melting 
solid iron, wMb the cost of fuel, and nearly all working expenses, 
are equally great. 

The fusion of malleable iron with cast iron is the old 'process 
described by Iloaumur more than 160 years ago : since then it has 
been frequently employed, and at the present lime it is of all tijc 
pot-steel processes perhaps the most largely used, especially iu 
making the milder qualities of steel, for tires, axles, springs, (u* 
wire. Puddled iron of good quality, or mild Bessemer steel sera]), 
is the material generally melted ; anil^manganiferous pig iron, or 
flj)iegeleisen, is the variety of cast iron preferred, as this adds at 
once carbon and manganese. 

Hard malleable iron, or scrap stc)!®!, too highly carbiirettc'd lo 
produce by itself the variety of steel to bo made, is frecjuently 
molted with the admixture of a small ])roportioii of oxidt* of 
or of manganese, in order to remove part of the carbon fruin the 
metal, and also, in the case of oxide of manganese, to ]>ut man- 
ganese into it; or if manganese is to be put in, without altering 
the hardness of the metal, oxide of manganese is added, wiUi a 
sufficient proportion of spiegeleisen or of charcoal to reduce it to 
metal, without abstracting carbon fronffthe steel. 

Tlie fusion together in crucibles of granulated cast iron and 
iron oxidp or iron ore is the well-known Uclia^us process, wbicli, 
according to Percy, was, in 1862, in successful practice in Swedem. 

The plan of making steel by melting down together ore ami 
carbon at one operation, was patented by Lucas in 1791, by David 
Mushet in 1800, and again by Hawkins in 1836, and it has often, 
by way of experiment, been tried since. Very good steel for cliiscis 
and otljrer tools may occasionally be made in this way, but tlu' 
hardness of the metal is uncertain, and the plan has, even to a. 
‘greater extent than that of Chenot, the disadvantage that ilm 
material is very bulky compared with the weight of steel it yields ; 
so that only a small quantity of metal can be got out of each ])ot. 

Example, Fig. 246, shows one of the early furnaces now u^'d 
lor melting steel in crucibles, in which coke was the fuel naed. 
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lOacli bole or furnace is a simjJo rcciangakr cliaiubcr, communicat- 
ing near the top with a large main flue, which is common to a 
row of furnaces. The tops of the furnaces are on a level witlj 
the floor of the melting shop, and the grates are accessible fjoin 
the cave below. Each furnace is covered by a square fire-til(‘, or 
quarry, fixed in a wro§ght-iron frame, from which a handle pn »- 
jects in front. The furnaces are lined with ground gaaister, a 
variety of millstone grit that is found near ShelTield, and is of 
great value as a fire-resistiiig material. When the furnace is to 
bo rolincd, a wooden mould is put into it, and the ground materi.il 
rammed round. 

• The pots almost invariably used are of fire-clay, mix(;d vvilli 
a little colve-dust, and sometimes also with a little burnt clay, o!<l 
ground pots, to make the mass more porous, and thus diniiiiisli llio 
risk of cracking. The mode of making and annealing the pots is 
described in the chapter on crucibles. The pots vary mueli in 
size : thus, some hold a charge of only 28 lbs., and others ii om 
dO lbs. to 45 lbs. The present tendency is towards the use ol‘ 
large pots, holding 55 lbs. to 70 lbs. for the first charge, and 5 li s. 
to 10 lbs. less each time they are refilled, in order that the flux-lim-, 
the level of the surface of the liquid steel, where the chief corn )- 
sion of tlie pot takes place, may not come twice at the same 
height. When pots of plumbago or black-lead ware are used, 11 icy 
are frequently made to liold 75 lbs. Clay pots stand from two to 
four rounds, depending on the fusibility of the steel melted, and 
black-lead j)ots about twice as many. Black-lead pots are, however, 
seldom used, except in melting the very mildest qualities of sb ol, 
such as the boiler-plate metal, for which Pittsburgh has acquired a 
deserved celebrity; steel so refractory that the best clay pots will 
soften and burst at a heat little greater than that required to rendcjr 
the steel liquid. 

Three charges or rounds are melted in twelve hours, and gene- 
rally the melting is carried on by day only, as the wear of the 
furnaces is much increased by working them day and night, TIk) 
consumption of coke is from 2f to tons per ton of steel melled, 
e(|uivalent to from 4 to 5 tons of coal. 

The -preparations for melting the steel are commenced by mahing 
a coul fire upon the grujo aAljoiiiing the annealing gnito. 1’lic 
annealing grate must he large enough- to holdi^ ’twice as many 2 )ois 
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jis tlicTC arc iiicltiu" holes in the furnace. •]£ that nuiuhor bo hui 
twenty j)ots are put inverted upon the annealing grate, and the hie 
put down the spaces between them, which are then to be filled up, 
so as to cover the pot with the small coke riddled from among tho 
col^c used for melting, and upon these again the pot-lids arc laid. 
This is done in order to have the pots g|fntly heated to a red 
In at, ready for using. Each pot requires a stand and a lid. In 
i'oi ni, tlie stand is the frustum of a cone about 3 inches hig^j ; 
mid as upon the base of the stand tbe pot is to rest, they should 
(*orres[)ond in size. Tlio stand is made of common fije-t-L.y, 
but the lid of clay the same as the pot; it should be a little 
largtT in dianietc.T, flat on the under side, and a little convex on 
the upper. Each furnace has two siands placed in the proper 
position upon the gn^bars ; and upon tbe stands two pots, 
eoverid with their lidsjU^m the annealing grate. S<)me fire, with 
a iililo coal, and soon after some coke, are put on, and when this has 
burnt up, sufficient coke to cover the ])ots; when tbe furnace and 
]K>ts are at a wliite lieat, tbe steel may be put in. Tlio steol, having 
been broken and selected for tho intended purpose, weighing say 
:;4 lbs. for each pot, is put into pans of iron or upon stool plates, 
'io cliargo a pot, the lid is taken off, and the lower end of a conical- 
sliaped cbarg(»r placed o*r tho pot. down which the steel is gently 
slid. The lid is then replaced, and the other 2 )ot being charged 
in ilie same mi^nner, tlie furnace is filled with coke, and covered. 
Afterwards more coke is added, tho quantity being determined by 
^ll<^ exjierience of tbe steel maker. 

Four hours will finish the heat, when a man removes tho 
crucible, by means of basket-tongs, from the fire, and puts it on 
the floor. Another workman takes the pot and pours the metal 
I:do the mould. Meanwhile the furnace is cleared of clinkers and 
inadn r^iuly to receive the hot pefT when emptied into the mould. 

’ I he SiemeuKMEu nrnce is also largely used in the production 
of cast steel ; the following description of the cast-stcel works 
at Eibiswald, in Sw'eden, will serve to illustrate the mode of 
w'oriNing: — 

At these works the production of crucible cast steel is carried 
on in regenerative gas fmmjices on Siemens’ principle. Tbe fru ls 
used aie lirown coal and peat, the consumption being at the rate of 

ewt. pt'i* cwt. of steel meUed iu th(3 newer fmrnaces, or cwt. lor 
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tliosc of the older construction. The former, 6 feet long and feci 
broad, are, adapted for twelve or fourteen melting pots, wliile Ujo 
latter have a capacity of only nine* The gas generators arc of 
the usual plan of those adopted in Styria, with steo}> grates and a 
plain grate at tiie bottom, and are worked with a blast under tlu* 
grate. The regeneratojes, placed at right angles to the axis of tiiv 
furnace, are of large capacity. • 

‘Fig. 247 shows the general arrangement and construction of 
an ordinary regenerative crucible furnace of the Siemens prineijjlc 
by means of which the heat in the products of combustion (othi i- 
wise wasted) is caught up by passing these hot products throngli 
suitable chamber^ filled with chequered firebrick, in the manner 
hidicatcd, until the said brickwork becomes highly heated, and un- 
able to absorb more heat. During this psQpess in the two riglii- 
hand chambers shown, the inlet gas anA'lBr, previous to mccling 
each other and entering the melting chamber M C, are directed 
through the previously heated chequered brickwork in the two 
left-hand chambers, so that they become highly heated previous 
to the process of combustion. By thus regenerating otlierwis(‘ 
wasted heat, and increasing the initial temijerature of the gas and 
air, not only is there a great saving of fueL but also what is of Die 
greatest importance, the temperature of c^bustion is correspiuid- 
ingly raised, and when continued sufficiently the highest tem- 
peratures required for the production of mild steel are atiainable. 
In order to maintain a continuous process of previously heating the 
gas and air, also alternate heating and cooling of the chequered 
brick wofle as described, the four chambers have separate flu^^s 
A, B, C and D shown in the figure, each pair of which (to tlu^ 
right or left hand) alternately communicate and direct the cooled 
products of combustion to the chimney while the other two direct 
the inlet gas and air from their respective mains G and A throuL'h 
the sej)arate chambers by means of the reversing gas and airvalvc s 
G V and A V as shown. The alternate directions of the How of 
gas and air for combustion, and the subsequent products of com- 
bustion are clearly indicated by arrows and also the poSitions of 
valves G V and A Y shown in full and dotted lines, and need no 
furtlier explanation here. 

TJjo materials used for steel making are forge or cement stiel 
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ore and scrap, wrougLt iron and steel, which are charged into the 
crucibles, aud brought to a full red heat in a tempering furnace, 
belttro being introduced into the melting furnace proper. The 
actual time required for fusioil is about font hou^ 



Fw. 247. 


The 
and the 


^ 8068 are lined with quartz brielca <tet with quicklimst 
bridges with Iwicks made of amix^ure of five parts of 
iniigiiesito from Lcoben and one of qnii^Hme burnt in round kilns 
with peat or brown coal ^ 

Crucibles of local mannfaiBtlife^^idfl'of fiye'parts graphite and 

2 -» 
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one of fire-clay are used, as, although they stand only one, or at 
most two meltings, as compared with six or seven in those of 
Eilgli^ mske, the diffisrenoe of cost is sometimes too considerahle 
' to dlow t^'flath^ to be nsed re^^rly. Hie cnlcihles are moulded 
by baud ai^ dj^ in chambers heated to between 77° and 104° 
Fahr., from twenty-five to thirty days being required for complete 
drying. ^ , 

The steel is classified, accorefing to hardness and percentage 
of carbon, into the following seren numbers : — 

j(fo. 1. — 1*8 to 1*5 per oeut. of oarbou is the hardest class of steel, and 
one for which there iaf otily an extremely restricted domtind. 

„ 2.^1 *5 to 1 *3 .per cent, of oart^^hsed for edge-tools, chisels, &c. 

„ 8.— 1 *3 to 1 * 1 per cent, of oarWatki^ for similar purposes to No. 2, 
as well as for files and sword-blades. 

„ 4. — per cent of carbon “& a tool steel, 

„ 5. — 0-9 per cent of carbon is used for fliner kinds of springs, 

„ 6. — 0'8 per cent of carbon is used for coach and buffer springs. 

„ 7. — 0*7 to 0*4 per cent of carbon is applied for general purposes, 
such 88 axles, plates, and agricultural implements. 

The forge-steel scrap and other materials entoring into chargees 
are all broken into pieces of two or three cubic inches, and sorte d 
according to fracture into the different degrees of liardness, tlie 
quality being accurately deWmined b/fiie calorimetric carl on 
applied from time to time. The room in which the seh^tiou 
place is provided with five bins for forge steel, five for the bettor 
classes of steel waste, and two for plate waste and spiogoleisen. 'J'iio 
mixtures, whui are carefully weighed out into boxes of the cajiacity 
of a single crucible ^arge, are as follows: — 

For No. l.^Best waste, sometimes with an addition of woll'min 

and barbonac^ns matter.,, 

n 2.-^20 lbs. tbrgQ steel (Nos. 1 and 2), 2Mb8. best steel waste (Nos. 2 
anct 8), 2 lbs. best Yordentog spiegeleiben. 

»» e.— 2011)8. forge . Bt^r(No. 3), 221bi steel waste (Nos. 3 anil, I). 

2 lbs,, of spiegeleiben. 

. 4.r-'20 lbs. oemont, steel (Nos. 2 an4 lbs. steel ^ste (Nos. 

and 4'), ! lb»,of spieg^eisoh. " 

„ . 5,-20 lbs. of steeji waite (Nos. 4 and 5), 20 lbs. {i||||^K'd ^teul, 

, ’ : , , 10 lbs. fipi^^eiaew. ' 'f\ * 

' V ' 20 Ib-i. steel wiiW>^ (Nirt; 5 dad , 7), 20 lbs. of puddled strel, 

! 10 lbs. of white' y>o^hb(% pag iron. 

' plato steel, 10 lbs. whii. pg 

. ' .■'iron* ' 



thwaite’s oi>en hearth steel regenerative furnace, 027 


The average loss in melting is from 1 to 2 per cent, of the 
weight charged. The hardness is determined by a forge test at 
each cast, and the correspondiitg nnmljers ar^ stamped on the 


ingots. 


The furnace, when newly linedt Can be worked for a hundred 
moltings, during which period the oovot arid fire-bridges must be 

In ■( n H ‘11 1*1 y repaired. ' ' * 2 ' ^ 
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Fio. 248. 


Tn foundries where large and heavy steel castings are pi^uced, 
llio st(j(‘l is usually made in an open-hearth to 


iih the Siemens i^genorative,i^stem> 


thait described 


ior the crucible furnace, shown in 248, however, 

illustrates an open-hearili a capacity 

of tljroe tons, invented Ijoudon, 

i(;r which it is claim^ that such high Tern- 
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peratures ns, are Squired for melting very low carbon stool, and 
even to tlie extehiof melting down the siliciotis structure of tlir; 
iurnace without usual gas-heating chambers, shown in Fig. 247, 
, which, at^ deleted now furnace. By eliminating those; two 
chambers the disadvantages and bss by leakage due to the direct 
connection between the gas i^eversal valve G V and the chiinney, 
as indicated in Fig. 247. In the arrangement of the*Tliwail(; 
furnace, eVen should any leakage take place, it must pass into the 
furnace, and is therefore not wasted as by the usual arrange- 
ments of gas and air regeneratoin shown in Fig. 247, by which 
any leakage of gas passes direct to the chimney and is ilnia 
wasted. It is also claimed that ^|^|pual thermal loss duo to the 
decomposition of the hydrocarbon jpRs and the resultant de]x)slt 
of carbon on the chequer brick is obviated by Tliwaite’s method. 
Perfect combustion is also obtained at the space S over the melting 
or lieating-hearth hj intimately mixing the boated air wdth the 
gas in the chambels A and B (alternately) provided for that 
purpose. The air, by this system, is introduced under a slight, 
pressure by means of a fan or blower, so that tlio whole of tlio 
surfaces exposed in the. heating chambers II O' and II C'^ are 
utilised; during combustion air oxidising inllneiice is also e^tal)- 
lished thereby at the surface of the metal on the molting-lioarth. 

By this arrangement of two regenerative’ cliambors for healing 
air only, the direction of the flow of incoming air from tin; l)low\ rs, 
and the outward flow of the products of. combustion, as indicated 
by full jnd dotted line, arrows A and is controlled by a singh; 
valve A V as compart with the two valves G V and A V in the 
older system in which J;b€^h the- gas and the air are heated. In 
Fig. 248 the vejrti^l^,.gfliiB ^ain connecting*pipo at eacli side is 
fitted with a simple steel ' mushroom valve with suitable hand- 
lover, ducts and chain connections to the reversing valve A V in 
order to insure that the different valves may be operated togf'tln r 
and at the proper time. ! . . - 

Having described the cohstriwjfion and general arrangement of 
the Thwaite open-hearth i|^Pf^a^, it will now be intere.sting 
to follbw tlm l^ess and steel therein, and also tim 

pn^grossl^ of the beginning or charging of 
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tli(i furnace until the completion of the process of conversion into 
liiiislied steel, as indicated in Fi^. 249 and 250^,Fig. 249 shows 
loa/, ^ gri){)hic form thiH^tive quantities 

tho\ different mi^ials composing 
charge from whioh ife will be oh- 
80 _ served that folly om ^If or 52*95 per 

I SjEkL^scRA^; ceut of the change w intihe form of 

. hemalite pig, and abont on^fiinfth or 
60 23 per ,ceii.t. as steel setaip.'' ' w 'addi' 

50 ^ chrome scrap, d*e. 

” shown, on Fig. 249, it will be observed 

- — ' "^81 hematite ore is also 

30 ^wd from time to' time daring the 

83 progressive stages of the piocc*ss” be* 

— ginning with 3-6 per cent, after two 

\ hours, when the charge is just melted. 

On the vertical ordinnte, Fig. 2r)0, 
,,,,, nearest the left-hand scale is repre- 

sented the proportions of tho ,^rious 
( ItMiients present in the charge, which are, approximately, as 
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Fig. 249. 


follows : — 


Coarpi^sinoN op Charge. 


Cnrhon (graphitic urnl coiubiiied) 

. = 

2*9 per cent. 

Silicon 

. = 

JO 


Chromium 

. = 

10 


M lugftucse 

. ' =s 

;5 


Sulphur 

r ±r 

-08 

9$ 

Phosphorus 

« .SS 

•05 

ft 


Iron is therefore 100 — 5*53 


5^ 

94 '47 pQi^ccnt 


In the finished steel produced, each of these elemerlts 
(1 u(‘(h 1 or eliminated, as indicated in the following, and also 44 
ill Fig. 250. — ' ' ^ ' 

FiKISHH> BtEISL PKoM'CEDi' „ 

Oiirlion iO*^lBpei^.oent 

Silicon s '. 0*02 „ „ 

(Jhruininm *., * •• .. sc 0*21 

^Tangauese .. •• ,•» =:• 0*53 „ 


Iren prcBont in thertfcve 100^ 


G*R0 ^ 

90*11 per wnt. 
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The proem' iKm b^miung ib the end is reproRCiiited in 
BIS. hoiiis, the first two of whicli wore 
; along 'with, a certiiin amount of reduction 

' hf <|Bxh(Hi aht'^K'hlen^te^^jlS' indi^ by the drop in tlic 
' ' the melting j^li^BS. The remaining 

■v greater, part <rf the time, it will bo Hoon, is 

i|r |j ^ ^, ?'for''thi>'^nTOrsioa or. reductiopof the elements referred to, 
ffVlthwK^jp^ite^^ place I^idly at the btiginning, and 

slowly fowar^B the , end of ptrocesB, that is, whi n llic 
' '^bon/and qihffi;'^i^e!nt8. .have.h^t.^eeed so that they exist 
only in &e oompf^tively small pro|Ki^^as already referred to and 
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in the diagriuh ^0, which also, shows that sulphur, 
»ma a!j^>inauganese hare been entirely eliminated. 

, . ^ eikd bf ^e! process the desired perconlu.ge of 

man^^^> ih the finisl^'^^l is obtained hy adding it in tlie 
forth of . fi^TOrmangmiese aB|i^dh!<it^ l^tbe diagram. 

of the 0|^t|ph% .it ..mil be seen, is oscertniimd 

the bath of metal in 
to a hammer 


from tfisf^;h} .^me by remoy: 
a 
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lost wliicli indicates the general eharact^ as regards hardness and 
hriitloness, or its being soft and The samples may ^90 be 

analysed afterwards in'" order jbqJirmatioa as that 

given in Fig. 250 , wliicb is by Messrs. 

W ii tiler and i3run torn ^ 
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OHAPTUB XXIV. 

BBASS i^ONDBi. 


A BBASS fonndtj of moderate size 8||||||R>perly designed shonlil 
consist of tne Mlowirig serrate shoj^’l^ 


Offioes. 

Waxehouae. , 

Pattern shop and i^tlciin itoio; 
Moulding shop. 

Casting shop. 


Dressing room. 

Fiitishiug sliop. 

Dipping and colouring room. 
Lacquering room. 


The warehouse should be connected to a ednnuodions stnit*- 
room, with space for keeping packing-cases, and similar work. Tiio 
pattern shop and pattern store should bo adjacent, if they are dis- 
tinct, and should bo accessible from the warehouse. TIkj pjitlrni 
store should he lit from the roof, and have plenty of wall s})a(*'j 
provided with convenient shelvesY/J^ the pattern-making 
a side light is desirable, as the me]l|ph then better see their work, 
bench marl^, fine lines, and so on* 

It is very usual for the moulding and casting shop to ho all in 
one/ does tolerably well where only small work is on liand ; 
but where as many : as a dozen moulders are employed, it will 
generally be found advan^geous to separate the shops, in which 
case the floors should npt be on the same level ; the casting s1k‘j» 
fiojlli^ould he 2 or 8 fe^ above that of the moulding shop. l>y 
aBp^aagemeiit the men are .tabled to move the flasks from jlio 
to the floor of the^ casting shop without stooping. 1’lic 
moulders pass the flasks into the casting shop, through openings 
in the partitions which divide the two i^iops. The moulding shop 
shpuld therefore be narrow, so .as to, give the men but a short 
distance to cany the flasks, benches tp the casting shop 

floor. There should be It should come from overhcaJ, 

and over the benches if along 
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(too 

tlic whole length of the shop, or they way be arranged at right 
angles to the wall. il$0 being placed back to back. 

The sand heap should be centr^Jy placed in the shop, with a 
shoot from the outside. \ ' 

The drying stove and ,o6rd the moulding shop. 

TIkso are either heated by w ste^ jackets, the 

latt(T phin being much the' liiore cfeanlyjEkhd conyenieut There 
siioiild bo a water tap and sink in this sliop* * v v;'. ^ 

The casting shop shonH be bf tlio same lejng&^^^^i^|p|hl^ 
shop, the furnaces ,l3ei |j^;'te rangej bh tbe’ oppbSie' i^f to the 
tnonldiiig shop. 1hia^|P|p must bo weir ventilated; it should 
Inive openings at the . level, and also in the roof, so as to 
keep up a cwfet of air. 

Stoi cs fOT colte and for asbe^ mnst he provided, and near the 
spot whore the boxes are poured. There should be gratings over 
wlncli tlie boxes are to bo emptied, the sand going back to ■*he 
iiionlding shop by an inclined plane. . , 

The dressing room fnust be next tb the casting shop, so that 
ail t*u>tini;< can be quickly passed in, weighed, cleaned, and dressed 
Ijoloro hfing sdit to the warehouse, which should also he near by. 
A l)r'iK‘li; a few vices, and small tools are all that is required in 
the di( saing room. 

Tlie tinishing- shop should be a large. Well-lit and well-venti- 
i:iiod room adjoining the dipping and colouring rooms These 
].‘«tl(‘r must he wtdl supplied with water and sinks, and tlie notih 
light is considered most suitable for them. 

The l:ic([uc‘ring room must have openings into the finishing 
shop, and into the warehouse if possible^ It must be kept quite 
fire IVoiu smoke and dust, be well veiiiiialed, and Lave a north light. 

]\lo Jelling and pattern making are both used for brass . work, 
and although these are distinct branches of trade from 
wliere work is systematically performed, yet in small ebtihtry 
towns there are many workshops where it is of great importance 
that the same man should be able to execute work and understand 
t.Iie general principles both of modelling and pattern making, as 
well as of brass foundiiig» ‘ * " 

Tlie materials commonly jfor- modelling are pipeclay 

and stucco. The former k protracted nature, 
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^iuolced ; th? otbcra 
a potter’s wLeel, is 


the latter for straight, flat . modds, which can, be finished oH' at 
once. KpecUjrt'.whMS^is '^ccCiinpo^ felspfr/^Hl'i^ade into a putty 
with water or g]^«^i^.!^.th6 rfy c^ritie prevents its getting hard 
for a cMi8idcrs5to’-iia^*’-|i^i&|'^ ^ ' 

Almost' the are made of lx)x- 

wood, wAh wwioudf -||^vie^§^|£B..hi4dlc3 are about six 
inches hai^,'' t^ sh 

also usenii^ 'drcBlwj^wp^l. ~ -, ; . , 

A few nidel/'pl4^UlbN^>>f are required. On 

these boards an outl^’ 111 ^foU otfi^ work is drawn, the clay 
being placed thwe^'^d modelt^;^; ’;* . ■ 

.1 Clay is mb^^led;; with tbe hand and wood tools, mostly by 
pressure. The^^j^ adhores to Wood, or the turning table, when 
slightly moistened, and requires no other fixing. 

Models^ made either in cl,ay or wood, and which are intended 
for immediate use, require to' he made larger than the size given, 
by J inch to erery foot.. Brass castings, under 12 inches in .«ize, 
shrink about | inch to a foot in the mould. Large costings sliriuk 
about ^ inch., .For this purpose it is best to construct a measure 
or rule proper^ divided, lo as to save time and calculation. 

Should fl; be .required, howeyer, to make a metal pattern from 
tbe day or wood,- tiien the shrinkage will be double, and tbo model 
will require to be mtde jg inch larger per foot every way, a second 
measure- ^r rule hdng nsquired. The real shrinkage is only 'i^f.tlis, 
but the other ^tb is allowed for finishing. Patterns oxac-.tly 
rectangnlar do jmt. draw well from the sand; hence all patterns 
should he made' with: a ^aper of at least ^ inch to every foot. 
Sharp internar angles leho^ be avoided, as they leave an arris on 
thafl p| d. which requires mending.-; ; ' . 

ll is often necessary, In model making, to take impressions uild 
casts from existing works which bebnot be, cut up. In such a 
case an impresdon can be taken from -it in gnttepmreha. To soften 
the gattapepohi, oither warm. it. ui ttrmt <^,n or place it in 

hot wajd*, and*'kiw?e^ IJ, nt a iinifrvri 

degree of pliahOity. Afler ini 


it of a uniform 
place it in cold 
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Stucco is also used for this purpose, or a mixture consisting of 
four parts black resin, one part ydjow wax; 

For complicated p$ttern^ or , wlj^ere cores s^e required, melt 
twelve parts glue, to which add ; 

To i)revent wood patterns they should 

*b(‘ varnislied or painted ; before use thej^^^rtlld be polished with 
black-lead, as that makes them draw sand much more 

V .;r ,* - 

Mouldings, and the like, can W modelled” in long 

leiigtlis, hy sweeping them up in stucco,;;.or other material, by 
uicaiis of a board cut to the required pro^le, as is done in loam 

moulding. 

A moulding tub is employedjfor small brass work ; it must be 
V('iy >trong, constructed of wood, pibvided with sliding bars, and a 
number of 1-inch boards with cross-ends the size of the moulding 

boxes. 

'J’he moulding boxes are similar to those already described, but 
usually smaller (see Fig. 104, p.S16); wooden cramps, fastened by 
scre\Ns and nuts, being made to clasp these bo^es lengthwise. In 
larg(' boxes cross-bars are sometimes cast across them, or the bars 
may be of wrought iron cast in. * 

The details of pattern making, moulding, gates, runners, and 
«dh(^r Ibundiy details, have ij^l^dy been so fnlly described for iron, 
ihat it will be uu necessary to do more than briefly^otiee each 
pioccs- in the brat^^i foundry, except where any material difference 

exists. o 

Ordinary plain work is arninged according to circumstances 
111 Iho llask. When only one or two castings are requirl& from a 
p.iitiMii, the pattern is rapped into the dask, that is, the top, part 
l^eing rammed up^a portion of the sand is removed and the pattern 
inserted, or “ rapped in.” After sprinkling on some parting atend, 
tlu^ drug is placed on, and jEacing sand sieve<| in, .after which the 
ordinary sand is rammed in till the flask B full ; then the flasks, 
lop aud drag, are turned over so that drag is lowest, when the 
iop‘ ])art is taken off and emptied, fade of the drag cleaned 
again, aud dusted with parting this, the top part is 

])ut. on, and filled and i^ng and ordinary sand, 

as was done above. Tljq tog removed, and the 
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patteraB ^withdrawn* In the process of parting the box and witli- 
drawing the patterns it often occurs that part of the sand is tom 
away^ whicL ^ '^nsequence requires to be mended, Tliis prcK-oss 
of meii^mgvS. a very ^dio^ and . costly one. When the moulds 
have been corded audj^ibbedy with gas and air outlets, and gati s 
and runners for the of the tnetal, the top and drag are put* 
together, closed, and cramped. The mould is then ready to ho 
poured. This moUld^fe call^ **a gr^n-sand’' mould, not having 
been dried ; but if a appearance is required, the mould bolbro 
being closed should be placed in the drying stove. When a lai go 
number of any articll^lii required, plate moulling, to ^\liicli \yc 
have already referred at length (see pages 436 to 440), is vory 
generally employed. ' 

When an opening, or hollow, has to be left in the interior of a 
brass casting, a core is inserted in the mould. This consists, as 
usual, of a properly shaped piece of baked sand, exactly tin* 
counterpart of the hole that is desired ; this is placed in tluj luuul l 
to prevent the metal or alloy from running into the sjiaco. d o 
keep the core ki its position it is made a little longer or wider tlian 
necessary, so as to .have a hearing to rest on at eacli end. Tho 
pattern must have projeclions on it, so as to leave an impression in 
the sand to receive the end of the cor^. Some cores have oii\y oik* 
bearing, as in the case of undercut^rk, such as fluted coluunis 
and 6tnanj|;j|ital scrollwork. Innumerable modifications m tiio 
size and "sha^ of cores exist in every-day practice, and much skill 
IS requir^ in tbeir preparation. 

Cores are usually made in boxes, as detailed under moulding. 
Where if would be too costly to construct a core-box, it mny lx* 
dispensed with by mouldiiig the pattern in sand, and casting it 
solid; a good composition for this purpose is one of plasbi; of 
Paris to two of brick-duBt, mixed with water. When cast and 
dry, scrape down to the form of the core. 

Cores, like moulds, must have passages in them to allow of llio 
escape of gases, otherwise the casting will almost inevitably bo 
spoilt. A wire must be inserted in the core to make such vent, and 
be withdrawn just before opening ^fche core-box to remove the cor(i. 
When cores are largo they arojanpported with iron rods, round 
which they are built up. To ^vfe <XMjismency to the sand used in 
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making cores about one-half shonld bo pure rock sand, which con- 
tains a certain amount of clay, but not generally enough, conse- 
(|ueiiily the addition of clay water is necessary to give the sand 
cohe.'^ivenesa. 

The cores must be dried in a istovc^ at a temperature not 
excc('diiig about 400® Fahr. When dry'they should be black- 
wiislic‘d,%or coated with a mixture, of ground charcoal and watci, 
with a little size; this wash must be dried on in the stove, when 
tlicy are ready for use, ^ 

In gi\‘t'n-sand moulds it is advisable not to insert tbe cores till 
jnst before pouring, so as to prevent their #l>sorl)ing moisture. 

will a thin brass casting is required, the upper half of the 
nioiilil is moulded from tlie opposite impression, and a thin packing 
piet e of clay or other material is placed between the two bo-xes to 
tiicni the required diptance apart. When it is desired to 
iii.)uhl siurill animals, butterflies, leaves, or other delicate and intri- 
t' t<' f.l jeetri which can be consumed by fire, they are suspended in 
ii hox:, siuTouiulo l with a mixture of two of brick-dust to one of 
plasfer of Paris, mixed with water. This mould is placed in a 
fiiniiice to consniuo the pattern, the remains being shaken out as 
I'ai- ns ])Ossible, and the metal poured. 

'I he air crucible I'urnace is that in which brass is usually melted, 
hut wht'ii large castings^ are made, as those required for marine 
rijgine work, or for ecclesiastical furniture, a reverberatory furnace, 
h'lcii MS that shown on Fig. 58, will be found most suiU^Ie. 

Pirassfunndcrs’ air fumaces are most frequentijf sunk below the 
lloor level, Uk' aeh-pit being closed with a hinged iron grating. 
The covers for the furnace top may be either of cast or wrought 
iioii, and should be of a dome shape; there should be a damper 
if{ the Hue. The interior of the furnace must be lined with firo- 
l ri(‘ks s( I in fire-clay, 

’ The liiv-bricks end clay are often contamina^ with foreign 
mati« rs, such as oxide of iron, magnesia, lime, or bl^-lead ; these 
impuiities imi)air their fire-resisting qualiti^ and very much 
shorten the ‘4ife^* of a furnace. Pure dlay should he white, 
opaque, and oily to the touch, and on an^yeis should bo found to 
contain a largo percentage of silica ^and aliphina* Fire-bricks are 
made from tliis clay in the ordinary ^^uner. - 
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It is also laidgt important to have good crucibles, wLicli will 
neither corr(D4n hor allow liquids and gases to pass through IIk'ui. 
They shouldSiilso be renting sudden changes of tem- 
peraturn; are either, made of blact-lojid or 

Stotirbridg^fclay. Tlie lati^ ire cheaper^ but less durable iban 
tbe bl^^iead^ and re^^nire to byagraduid 

to high temperatures. ; 

Inlr^hg and ppuriiig bra^ the least volatile metal should bo 
melted first, the oihembeiU|g plunged under the molten metal wiili 
tongs^ in small lumpS/^hich must be hot and quite dnj. TIk^ 
reason that the metal^^^^d be hot is that it may reruain dry al'tor 
being dried, as the ste^ from any slight moisture o^t wh(ui 
placed in the melting pot, wo^ probably send the molteu inctal 
s])irting about in all directions; 

Fig. 251 represents an ordinary melting furnace, but in largo 
works this arrangmeht is somewhat modified, the ordinary oj^u- 
ing to the ash-pit is stopped up, and fan-blast is admitted uiKh r 
the furnace bars ; the mouth of the furnace stands al)out 3 or 10 
inches above the floor. The fire-hars should be so arranged, ib.it 
on moving the front l^arer'a little fbrvEaid, the front end of the 
bars will drop down, 410 that the furnace can be easily and quickly 
cleared from ashes aud xHnkers. 

Tb© fuel for the brass furnace is hard^coke, which is broken uj) 
into lump ijij ^ |9 size of a man’s fist. The crucible is placed l^ottoiu 
upwards l|||a^f|r0, so as to get it thoroughly heated ; it is tln'n 
removed with tl^ tongs, turned right side up; and bedded on a slab 
of fire-clay or a fire-brick, covered over with its lid, and the lire 
1:, neatly banked up around it The metal is then placed in tin; 
crucible, the cover pjqit on, the mouth of the foniace, and the dampfr 
is opened to increai^' the draught ; the crucible then remains until 
the metal is ^‘dp'Sim.” It is* usual to throw in with the metal some 
charcoal dust or broken gla^, which floats on the surface ol tiie 
moiW metal, and' prCyents oiidation. In feeding the metal into the 
crudi^,,put the copper or old brass in small pieces until it is nc'aily 
full.' When.this is well rndW, add the tin, and mix it well m : 
then throw in ;a few small 'piei^ of ^ If the zinc flares uj).. 
throw the rest of it intq the ppt^i^i|jEigv it, in well ; then lift 
pot from the furnace, skim off into the turjukL 




PljCLrv, 




G40 


rOUNDINQ AND GASTIKQ. 


When placing the zinc in the crncible, drop a piece of borax fis 
large as a into it, this is done to prevent the loss of zinc 

\!irhich oth^wiso go^ off in flie fumes. If the surface of tlic 
hot metal is fine charcoal or borax, which is prevented 

from bunring, heteg" renewed, or by broken glass, the loss of 

zinc is reduced to a itiinimiam. 

If, however, \6lam the small .trial pieces of zinc are thrown in 
they do riot flare thri>^;On a little coal to make the lire brisk, 
and cover it over tb a proper heat. Then, as soon as 

the zinc begins to jfba rest. If old brass alone is medtod 

no tin is requiri^, bu^^^^lv^uantity of zinc. If part copj)er and 
part brass, add tinarii:«|inb in proportion to the new copper, with a 
litilfe extra zinc ibr the brass. . 

I prevent volatilisation, charcoal or broken glass may be 
over the metal whilst being melted, 

^ ^ the metal is poured too hot the casting will be sand-burned, 
^nd its colour impaired. The best castings are obtained when the 
metal is at such a temperature that it will cool quickly. Heavy 
castings should, therefore; be poured last. The metal must be 
carefully skimmed. Small work is poured vertically, large work 
horizontally. 

As soon as the brass is poured, it is usual to open the. I oxos, and 
to sprinkle the castings with water from the rose of a watering pot, 
which makes the castings softer than they wouhl otlieru iso he. 
When the casting is completed, let tlie fire-bars drop, clear the 


furnace from ash^ and clinkers, and place the pot amongst tlieni to 
cool gradually. In a, well-arranged foundry, where work rr‘(|uiriiig 
a good supply of metal , is . undertaken, there are generally three or 
four such furnaces standing in row, each having a separate flue lead- 
ing to the chimney, whick variestfrom twenty to forty feet in l4|^ht 
— the more lofty it is the better' the draught. Each furnace has a 
" ’hamper to regulate its fire. In order to ensure constant worlv, it is 
necessary to have s^eral fumaOOs, to allow of the necessary 
to the lining, or other being effected to one or other 
4' the furnaces, whilt the reriiiiiiider are in operation. The lining 


quickly burns away, and when the space around the crucil do becomes 
larger than ^ oT'S inches, a wasteof fuel ensues. Boad scrapings 
are often used the lining, imd alumina ; or 
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rofnso sand from glass grinders, containing flint glass, may be 
omploycil. The lining, mixed, with water, is laid on like cement, 
aiul a brisk fire is at once started in the famace, which glazes the 
lining. . ' , 

Tlie usual charge for a furnaoe of tbi||^escription is from 50 to 
(jO lbs., but, when severaPf urnaces tsaa be set to work, a casting of 
gi'oaU r wt1?gbt can of course be obtained. When, however, a casting 
of mor(' than two hundredweight is reqtlired[, it is preferable on 
tin* score of economy to melt in a reverberatory furnace, see Fig. 58, 
as is don(3 when statues, bells and works of large dimensions have 
to be cast. 

I 'iicl(T ordinary conditions of chimney draught the amount of 
fuol iu/d lime required to melt metal in a crucible, with the usual 
melting furnace, such as that illustrated in Fig. 251, is as follows, 
alter the first beat has l)een run off : — 

Wolpht <»r (’nk** conflumM. 

MKal. Ib*^. 

112 llw of copper meU^l iu .. .. 2^ hours with 2 e 

112 „ iui\o.! p;iin-rr)otiil mcltoilin 2 „ ,, 1 20 

112 C!t^t-ih^n „ 4 „ „ a 12 

Tbfi latter r(‘snlt provides us with data from which we can ob- 
tain the relative eflicieiicies of the crucible in the ordinary furnace 
rx^terix'd to and that of the usual foundry cupola, as stated in 
page 12i), viz. 1 ton of cast iron melted \Yith an average consump- 
iioij of 1 owt. 2 qrs. 5J lbs. As tliis result is rather exceptional, 
wc may take it at siij IJ cwt. of coke ]ier ton of cast iron melted, 
ijoui which we have the following, viz.: — ^ 

If cwt. ofcf'lo* rnoH^ 2 owt. of ca'«l iron ir*, a crucililc 1 

Ijf OWL r)l coke iiioits 20 cwt of cji«t iron in a cup ila 10* 

1 i‘. the fuel ill an ordinary cupola i.s ten times more eflicie ' 
wh' ii used for melting in the ordinary crucible furnace. 

*Figs. 252 and 253^ illustrate two different arrangemc' 
combinaiious of Fletcbor s patent brass melting furnace, 
the rate of combustion of fuel is increased by introducing the nect 
sary air, under a pressure by means of a fan ; the pressure, however, 
must not exceed 3 inches of water, and to prevent the possibility qf 
<xc(3ssive air pressure, some of these furnaces are fitted with tlnp 
* Sec ‘ Alcchaiiical 'WorUl,* Jhne IT, for pttrticulRrj?, etc. 

2 T. 
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valves, of such a weight that they open when the pressure ( ^ceeds 
the amount arranged for. The air before reaching the luiiiac** 
proper, enters at I, fills the annular space B, and passes down- 
wards thrrogk tlll' perforations iiito another annular space or ja(•l^et 
leading to the bottom oif jfiirnaeeY m this maimer, the iiil( ( air 




Pjo, m Fig. 258. 


. Up tlie licat which otherwise would tie lost by radial ion, 
ad becomes heated thereby' The products of combustion esr;i|io 
‘by way of passage Oat the top, and branch 0 leading to 11 1 “ 
chimney, as in Fig. 252.^ Another feature in this furnace is liio 
Absence of fire bars, these being replaced by a binged drop door in 
the same manner as ig often adi^pted in practice. This bin 
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l)()tloui is covered inside witli fireclay or other roffuctory material ; 
wlirn in position it is held by means of a aotter and bolt in the 
miiiinor shown. Tho modification illnstraiod in Figt 25;^^desigued 
for fnrtlier economy, by utilising tJi0 heat lli '^'^oducts of 
combustion for heating a second erii|}^ld With its cold charge 
] previous to placing it in the shown in the 

lower chamber. This is. obtain6l^!|;^;introatid^ an additional 
lioaliiiij; chamber to take the plaee.Of the the prev 

example. This latte^^hamb^ is <X)nstruc^>.,» it can 
ntiatc about the hinge fin P. The outlet 13 also acts ns 

nil n]»p(a’ hinge pin by the spigot rotating in the socket of outlet 
b(‘iul j)i])(* C fixed by means of brackets to the lower casing. When 
tlic metal in crucible G R is ready for casting, the iipper heating 
chamber, with its charged crucible complete, is readily moved or 
roiaied sideways, thus leaving a clear opening for the removal of 
crucible CIL The upper crucible to be heated rests on three fire- 
biii'k projections arranged as shown on separate section A B. In 
tii(‘ arrangement, Fig. 2;)3, the dished portion of drop ^odr is much 
d(*« jx r than in the former example, so that the fire and crucible 
(' U are supported ])y a refractory stand S shown in position. 

Tlie following figures are given, as the results of tests made 
wit h Uic Fletcher. furnace, in order to give on idea of its efficiency 
under ordinary working conditions;^ — 

hr. rH’n. 

120 ll)H. of f^uu-metal molted in 0 ;J5 with 2.5 llw. of coke, 

00 „ 0 25 „ Ui „ 

„ fiornp Htet*r „ 1 .54 „ 61 „ 

07 .. iron « 1 42 « 84 „ • 

Fttr the purpose of comparison we will take the rates of melting 
and (*olce consumption when melting gun metal and cast iron in aa 
ordinary crucible furnace, Fig. 251, with induced chimney draught, 
and eorrt:si)ondingly slow combustion of fuel, asstatf^ 
wTiieli are as follows : — , - 

hrs. min, 

1 12 n>s\ of niixod giin motal molted in 2 0 with 48 Ilia, of eerke. 

II2 „ „ caBt-iron „ 4 0 ^ llO, „ 

112 „ „ coppor „ 2 45 „ 06 „ 

H again we take the rate of melting , gun metal, and coal enn- 
Kumi>iion, when carried out in the reverbetatory or air funmee, 
I'jg. beS, as stated in page 178, we jire ih e position to niMke tliu 

V' . 2 T -J 
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follo'wing compari^ns, by rc^nciug each result to a common 
average standard of say 112 lbs. of gun metal (one cwt.) : — 

' tiun-motal. xnin. 

3. Orilmar^lii]*ti8^oev S(!5l U2 Ibn. inelttHl in 120 with 48 lbs. of coho. 

2. FletcWi ftimaoe, Fig. 26.^ 112 „ ’82} „ 28 \ „ 

3. lieWberatory or air. Fig. 58, „ 2i „ 42 lbs. of roal. 

The average 4 ^te of meUi^^nd cote consumed per cwt. of 14:1111 
metal, for the Utj^ or, third example stated, are derived from ilu* 
iignres stated in 178. The element o£time also in example 
on account of t^ie extra size of furnace u^, does not I’crve fur 
purposes of comparison. 

An advantage in introducing the air under pres^iure by mt ans 
of piping fitted with a valve, as in Fletcher’s furnace, is that llie 
rate of combustion can be regulated to a nicety, making it almost 
certain when the metal will be melted and ready for casting. 

By the arrangement of air inlet at the top, as shown in Figs. 
252 and 253, any metal running over,* or such as might rcv'^iiU 
from a fractured crucible, would find its way to the cavity in tbe 
drop door, whore it would not interfere with or stop the pas-jigc 
of air. The metal thus collecting does not necessitate a stoppage of 
work, and need not be removed until the usual time for removing 
scaSblding, ashes, etc., wheiii the hinged door is let down for that 
purpose. 

The' furnace just illustrated being self-contained, does not ab- 
solutely require forced draught by means of a fan, as described, but 
will work under ordinary conditions, ty leading tlie jjroclncls o\ 
combustion to a suiteble chimney and disconnecting tlie inL t air 
blast-pipe for the free inward passage of air necessary for combii> 
tion, so that there need be no stoppage to the progress of tlie ^vol i 
should the fan be out of order. Of course the rate of melting will 
be retarded down to that of an ordinary furnace under siniil ir coii< 
ditions of draught 

It, has of late become a very common practice to melt laa^s 
and gun metixl by burning liquid fuel, or cheap oils, known 
tar, creosote and blast-furnace oils> the price of which has Ixnh jis 
low as 2 jd., but lately at 4(i., per gallon, and it is this eli'iiu nt 
of cost which, to a considerable extent, determines the value of 
these furnaces in g(*neral, ^cause it is. chiefly by reducing tbe 
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(‘ost of iiieltin^fchafc they are likely to be atlopted in preference 
to tli(5 methoisalready referred to. Fig, 254 shows ..the general 
.’iirangcmeut of Bickford’s patent cruciBle furnace^ ajn intro- 
iluceJ for utilising liquid fuel, which liquid by this process is first 
cL;irgecl into the upper air-tight tank or reservoir, fitted with 
gauge glass W and cocks in order to sli^ the quantity of oil 
inside. *Tho oil outlet from this tank is controlled by the cock T, 
liiu iiig a tail-piece T’, which projects 2 inches below the top edge of 
1 he lower Hlter tank N. By means of tlie two|raks, etc., arranged 
j{s shown and described, the oil is caused to flow downward uni- 
loi nily into the combustion chamber Gr of the furnace, by reason 
(f{ tlu' constant level of oil maintained in the lower filter tank^^ ; 
jnul that without the otherwise constant necessity for adjustment 
ol* tlio cocks .M and M' in order to obtain the proper supply of oil. 
'Jdje constant level, and therefore constant pressure, of the oil is 
diu* to the action of the oil as it rises in the filter tank towards the 
top, so that it closes the orifice at T' ; meanwhile, any further flow 
Ihuu the upper air-tight reservoir is prevented, just the same as, 
when the mouth of a bottle full of water is inverted in a tumbler 
of water, the water is retained in the bottle by the atmospheric 
juessure acting on the surface of the water in the tumbler. The 
su})i)ly of oil, therefore, from the air-tight reservoir \V is in a sense 
iiitt rmittent, as it can only take place when the level of the oil jib 
the ](»wer tank falls sufiiciently to open the oritice T^, the excess of 
flow of oil from which over that of the average consumption soon 
causes the level in the lower tank to rise sufficiently to dose the 
orilice and again cut off the supply. Thus the level in the filter 
tank nmiaiiis practically constant, as already stated. 

Altliough the air supply for combustion in this arrangement is 
ivHjuired to be under pressure, these furnaces can be built to suit 
any pressure, but once arranged for say a lO-inch pressure, it will 
not work with 2 indies of pressure. It is also necessary to fix 
upon a particular make of crucible to be used, in order that the 
iiitc'rior lining may bo made to suit, by allowing sufficient space all 
round, to facilitate the removal of the crucible, without it being 
increased kiyond that required to give the highest efficiency. 

These furnaces are guaitinteed to fuse 40 lbs. of average brass 
in liuli* an hour, with a consumption not exceeding half a gallon of 
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oil, of tlic <][uality already referred to. The coml-iistion of tho oil k 
obtained following maiiner. Ilie oil, as it'^rops from iho 
spout on flHp'nozzle I, p^ass^ round it until it reaches u slot on 
the under where it is caught by the blast, is blown downwjiol 
and becoines ignited. > The resultant flam is blown thron.ijjh the 



opening P, leading to the , crucible chamter, where the additional 
air blast increases the rate iUid tempemtiire of combustion. 

The adaptalrility and general suitability in other resj)e( ts cjOi 
readily be Understood by referentse t^the illustration, Fig. ‘Jol, 
which represents clearly every point of any importance rogurding 
#0 coustructiou. 




rose’s patent MEl^TING FURNACE, (;i7 

I’if'. 205 represents another type of furnace, Kose's patent, 
(llas^ow, now being estensiTely used for melting brass, with liquid 
iuel of the same gnality as that used in the pretious ei^ple. This 
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Litter type is really a reveiiteratory furnace, in which, instead of the 
usual tire-place with bars, etc., suitable for burning solid fuel, wo 
have hero a shallow pan P B, into vtMch oil is fed by a tube at one 




018 


FOUNDING AND CASTING. 


side, as sliowri, and at a fate regulated by the cock The oil, 
when it has become ignited, continues to burn with a long whito 
flame, wbi(^^eiats the interior of the melting chamber, and, as the 
side walls, of fire-brick become heated, the temperature of the 
interior indreases a^rdingly. obtain satisfactory results it is 
necessary to have draught, and the size of chimhey necessary 

for the furnace illustrated is 6 inches diameter and 30 foet high. 

air for the support of combustion finds an entrance ])artly all 
round the upper of oil pan burner PB, where a si)ac(‘ of 
^ inch is arranged J&'that purpose ; air is also admitted from the 
sides and top of the combustion chamber by way of twelve J-inch 
diameter holes H, formed in each wall as shown. 

The metal to be melted is charged by way of the charging door 
rCD on one side, and, when in a suitably liquid condition, is dis- 
charged by way of the runner ME, which is tapped for tliat 
purpose in the usual manner for a cupola or other reverberatory 
furnace. 

The rate of supply of oil for consumption in this example, it 
will be seen, has not had the amount of attention paid to it as in 
the former example. In this exam{>le, Fig. 255, an orilinary tank 
is supplied, from which the oil is conducted by a tube fitted with a 
cock T ; the extreme end E of this tube forms a nozzle placed ovct 
a trumpet-mouthed piece or filler F, from which the oil is (ouveyed 
to the shallow pan at the point P, where it becomes ignited, and 
continues to burn in the combustion chamber CC. By ibis form 
of furnace it is claimed that 300 lbs. of copper can lie melted in 
one hour with gallons of crude oil (creosote). By reducing 
these figures, for comparison with the results guaranteed for tin? 
Bickford Patent Furnace, we have the following average : 40 Ihs. 
of copper melted in 8 minutes, with a consumption of (- 60 gallons) 
fully ^If a gallon of oil. 

An advantage claimed for Eose’s patent furnace. Fig. 255, is 
that it is entirely self-contained, and therefore portable, a condition 
which, in a number of cases, will be considered of the highest im- 
])ortance, % avoiding the necessity of carrying the melted metal to 
an inconvenient distance to the mould #ady for casting. 

In some respects the reverberatory type of furnace is not so 
suitable for melting brass, on account of the volatile nature ot* the 
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metals used, such as zinc, a considerable proportion of which would 
lie carried olT and lost, not to speak of the change in the compo- 
silion of the metal produced, as compared with the proportions of 
the various metals introduced in the charge- *TJii8 object, however, 
i>i overcome, if 4lsire^, by placing a iijrttciblt^ xwith a cover inside 
tlie present melting chamler, which, of cotdie, should have a flat 
1 ol tom fur that purpose. ^ ' 

Another form constructed by Sir. llosc, in order to avoid tlic 
los^ of zinc, etc., as described, is to ?ct a fire-clay chamber or 
ci iicible so that ils sides only are in the interior or combustion 
clijimber and exj)OSed to the flame, a* 

wlide tli(‘ interior of crucible is open 
Jit the top to the outside, so that the j 

criicilde forms a miniature cupola readily 
cliiirg(-d Iroin outside, which ojjeiiing, 
during tht‘ melting process, is closed by 
a llre-briclc slab or cover. This form, 
it will be seen, presents certain advan- 
taires. which are more or leas obvious, 
according to the purpose fvwhich it 
lujiy bo required. 

I 'or small work the gas blast furnace rtVOT BOD 
is extremely convenient and economical ; 
it is also very clean in working, and can 
]vljiee(l on an ordinary workshop bench, 
rhe cov(*r and jiipe over the crucible 
must be of fire-clay, as the most intense 
lieat call b(5 obtained by this handy little 
coiiti’ivarce. 

Crucible tonga, Fig. 25G, of various 
sizes aie employed ; they should b^strong, and well pinned to- 
gether, so as to hold the crucible firmly. 

lirying stoves for brass, when large, do not differ. from flioso 
described in Chapter XIX. ; when small, they consist of small 
chambers made of sheet iron. These can either be heated by a fire 
inside, or, what is much better and more cl^nly, by steam 
la atcd with tlie exhaust steam from the engine. Where the sfov<^ 
is heated by a fire, it may be built of brick, with iron doors, but ij 
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flail in detail, and fixed np with ash- wood binding screws S S and 


imts N, as shown at D, with the gates and runners in posit inii 
ready for casting. A and B are two laying-down oak-wood bfiaid'^. 


which form a movable bottom for each half-box part or frame ot 
oak-wood shown at C. ifei - 


(iOl 


CHAPTER XXV. 

BI^OKZE FINE WOKEt— STATTO rOUKMNoSi 

Tins nrt has for a long period been skilfully practised in France, 
jiml, both for design and execution, tUf results obtained by French 
nrlisls and founders are still unequalled ; it is scarcely too much to 
say tli(‘y are unapproached. During the reign of Louis XIV., 
aili'vs uf copper. 1 to 2 tin, 5 to 0 zinc, and 1 to 1*5 lead 
AvtTc used. Another mixture employed was ^2*4 copper, 10 '3 
zinc, 4 tin, 0*2 lead. ^ 

(Germany has produced a few examples of really artistic bronze 
castings, for the most part statues, the finest of which, that of 
J ‘r(*dt rick the Great, ijith iis beautiful surrounding figures, at 
lierlin, is well known in this country from the numerous casts of 
it to b(^ found in our fine-art galleries. 

In England we are so accustoiiicd to the ridicule cast upon our 
public stiitues, that it is seldom anyone is to be seen seriously ex- 
amining their details, although a few certainly deserve something 
bettrr than tliis neglect and contempt. But in almost^every iu- 
sianco, where our statues and monuments are unsatisfactory, the 
artist or designer is to blame ; very seldom, indeed, is the founder 
at limit. 

Tlie old Wellington statxie, fomterly at Hyde Park Comer, 
s.‘( 11 irom below, apneared a shapeSfe .hiass of cloak, sunnountai 
l>y ii cocked hat. This, and many mote costly failures, are not 
tin* ]»roof8 of any want of skill in our bronze foundries, but of the 
reckless manner in which the ptih^c money is disposed of, by 
tni.stiug such work to incohipetenfc artists; generally, indeed, 
ibes(‘ Jobs are managed by influenoOi without any pretence at a 
preliminary competition. " 

These remarks may seem at sight too severe, but when it is 
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remembered that England has for a long time held its own in all 
kinds -of brass and bronze work destined for practical purposes, 
whilst etery effort to produce a grand statue or a noble monu- 
ment ends in a failure, the time seems to have arrived 

nhen the blame sbJfp be placed on those who deserve it ; and io 
ask whether an artist cannot be found to design the figure of a 
man which will remain upright without being supported by tlie 
^ cloak or the stump of a tree growing into 
his blck|Pi)r whether it would not li|kwiser to leave a bron/e 
casting in its natural colour, rather tha^Wv^ it with gilt, so tliat 
man, drapery and chair formed one glaring, gaudy, dazzling and 
incoherent jumble? Art ' i^one is to blame f<j| such errors - it. 
might, perhaps, be more correct to say the want of art. An artist , 
for this description of work, is not only required to possess all the 
artistic skill of a modeller and sculptor, but must be possessed of a 
thorough knowledge of the nature and capabilities of the material 
in which his works are destined to be produced. 

Paris and i!s neighbourhood contain the most famous and ih(^ 
most successful Bronze foundries in the world, and anyone who has 
visited that city must have noticed the immber of shops devoird 
to the sale of the smaller artides of Venn, and the beauty and 
elegance of their contents. The permission to view the works 
from whence these objects issue is only obtained with con- 
^derable difficulty, and the greatest jealousy exists between the, 
masters as to obtaining the services of skilled and artistic work- 
men, upor whom principally the feme and success of the foundry 
depends. 

The French bronze works are usually arranged into (Icpait- 
ments, which comprise— 

1. Di*.sip;iier*8 room. working marble by band 

2. Bi ‘onze foundry, *''* I and macliine tools. 

3. Cbtising shop. 6. Knaraelling shop. 

4. Mori el shop. 7, Fitting and mounting shop, 

6. Marblo working Bln)p, pro* 8, Store-room, and gallery for 

Tided with H{))iaratUB fo^ anished work. 

M. Collas, having improved upon certain old and well-known 
principles, and perfected a beautiful machine for the autoinatuj 
reduction or enlargement of solid forms, was enabled to repioduco 
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ail}’ lirniizo to any scale," with perfect accuracy and small cost. 
Sucli an iuv(‘ntiou well deserved the grand medal it obtained at the 
Paris Exhibition, and it is now largely employed by French bronze 
manufacturers, who can by this means protide their customers with 
cnj)i(*s of nearly any famous work of ert at a comparatively small 
cost. 

In ttie foundry, if the works generally to be produced arc 
small in size, the moulding is done on benches, and the moulders 
work vis-a-vis at tho same bench, which is divided bj^a longi- 
tudinal partition, provided with a shelf for tools. Small and uuim- 
pieces may be moulded in green sand, large works in loam, 
but the greater illation of general ig moulded in dry sand. 
Tli(‘ Iwo sands i^rincipally employe#®© obtained from a place 
called Fontenay-des-Eoses, near Paris; the one is a deep-brown 
loamy sand, the other is of a light yellow-white tinge. These sands 
an' mixed in proportions carefully regulated according to the 
nature of the 'work for which they are intended, and the mixture 
is Kuhiced to a uniform fineness by being passed between cast-iron 
1 oilers. The sand is then damped and sifted. 

'The moulding boxes are of cast iron, accurately fitted, the 
odgt'S being planed true. '■ 

AVlicii the objt cts arc to be finished in the lathe the patterns 
ai(* sometimes of WT)od, but most frequently bronze models are 
jiiaJr, and are truly finished to the desired form. lUitny other 
Biibslain cs are used for models, such as plaster, wax, fusible mehd, 
p(»rc<‘laiu and glass. • 

For lacing sand a mixture of potato starch and charcoal dust, 
or fine white flour, is used; but charcoal dust is the lavourito 
nijiterial- 

Saiid cores arc* used for all hollow pieces, unless tliese are to be 
cast in Ioann or are of a large size jii^.ii)|||he latter cases the a')re.s 
arc of loam. In bron/e statue casting, the thickness of the metal 
sliould be as nearly uniform as possible, otherwise the work wt!1 !><• 
distorted from unequal contraction; bronze contracts considerably 
on cooling, the extent depends upon the proportions of the con- 
stitiK'iit metals employed in its composition, and varies from 1 to 
‘J percent. This contraction is found to increase in jatios with 
iJu* size cf the ca-tiiig. ; 
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The perfection of bronze work is said to consist in liaviiip: the 
mould very highly finished, and obtaining a bright s!mr[) castinu:, 
which shaU require only* minimum amount of subsequent chasing 
and tool-work, thus leaving the skin of the casting as far as possihlo 
undisturbed. ;V* 

In the Freaieh fin^art work the furnace arrangements ar(3 
such that the moulds and cores are generally dried in iiinuuva 
heated by the waste heat from the crucible furnaces. The bionzo 
is melted^in clay crucibles holding between CO and 70 lbs., 
coke for fuel, and a fan blast. For large work an air lurjuico is 
generally employed. / , 

Best English or and very pui^H^uth Aiitericau 

copper, which latter is pfl|Pd hy liquation, afe the metals em- 
ployed. A proportion of gates and runners may be added, I ml. 
this is only done when the proportions and quality of their in- 
gredients are known, and no old bronze guns, old copper or hra^s, 
or other material of. unknown an<l variable com])osition, an? ( ver 
used, as it is considered impossible to rely upon obtaining a lir sl- 
rate casting from such uncertain ingredients. 

The moulds are placed in oast-iron boxes, which are ])i.Mcrd in 
a naked pit, A reservoir formed of sand with a charcoal f'acijig is 
employed, into which the contents of the crucibles or air farnaces 
are drawn. This reservoir communicates with the main gato of 
the mould, and, as soon as a sufficient quantity of metal is in tli(3 
reservoir, an iron plug in the bottom is removed and the medial 
flows inljO the mould, from whence the surplus pa.sse.s oil' hy 
“ rising heads/' which ate purposely kept small for fear of <lis- 
torting the casting from too great a pressure. 

The gas evolved during the pouring is fired at the rising heads 
by a torch. , 

Bronzes which are^? to be coated with enamel, ha\ (3 

their surfaces specially for its reception by what th« 

French artists call cloisonnS^ or. partition work. This proce ss is 
a somewhat tedious one, and r^uires great skill on the part of i hci 
moulder.^* The outlines of thefdesign for the enamel are dcsculx^l 
by small thin partitions of brpnze, projecting upwards from the 
main body of the work less than n'tw^nty-fifth part of an inch. 
Tims Ibo bronze has itB,,nurfaco covm:^ with n network of iino 
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and when the enamel is baked into the shallow ccll< so 
io]'ined, the enamel and the bronze partitions are ground and 
polislied to a uniform depth. 

'riio^e partitions serve two useful purposes, they doscril)e the 
outlines, and they tend to hold the enamel firmly in position. 

Ill finishing patterns for this class of worjr, every iricgularity 
in tlio cells and partition walls has to be cut out, and grefit care is 
necessary not to injure the surface^ 

When such patterns are finkh^ they represent a eonsidora^'’e 
\aluo in shilled labour, and are extremely delicate, consequenily 
tlity are kept covered up on soft cu|hion3, away from danger of 
av'cidciital daiua^. 

The founding of statues is ancient brancli of 

tlw art, and one in which our an^^rs held their own, as the 
giace and skill of existing specimens abundantly testify. The 
invention of tlie Samian artists consisted, in all prohahility, of 
riinuing the metal into a mould which cx)ntained a centre piece, or 
KeriiiT to diminish the thickness of the metal by leaving a hollow 
Hp.ice in the centre of tlie statue. The necessity for this keriird is^ 
M U-(‘videiit, for a solid bronze statue would be most costly and 
ciiiniHusoine. Besides, unless the statue is very light it would in 
ninny oases be unable to stand. A rearing horse, for instance, could 
n» v<‘r he upheld by its hind logs if the whole Ixicly was coiuposod 
i)f solid metal ; and, to lessen the weiglit'^that would otherwise bend 
and l»rcak so slender a sujiport, it is not only nooes.'ary tint the 
hoi sr slnuild bo hollow, but it must he as light as skillet^^workiuan- 
^lilp (*au rtuider it. Since the day, therefore, of the Samian artists 
(ii.'Aii to tlie ])resont day, it has been the constant etlbrt of bron/.o 
]iM»uld(!rs to lessen the tliicknoss of thoir statues by increasing tlie 
size of the kernel, so as to leave as small a margin as possible for 
metal to run down this centre piece and the mould with which 
Vi 1< enveloped, 

Aiiu>ng early methods for obtaining this end, the most familiar 
known as the cire-peydu, or waste-wax process, whicli was suil m 
vo,;no when the present system wiis introduced, and a compii i-mi 
kclwt^en the two will best illiifcfcrate the progress now ac(‘omph-lit‘ I. 
riie cire-pordu process requiwl great care, and could only le 
L*iiiTR‘d out ellcctively by the sculptor ^modeller liims! If. 'riiin. 



FOUNDING AND CASTING 


let ns suppose, for the sake of simplicity, that the object to he 
reduced is a portrait bust measuring 4 inches in height and 8 in 
width. The first step would be to model in “sand,” or a mixture 
of porous cement, the outline of the bust, taking care to make it on 
every side { inch smaller than the size it was designed to give to 
the finished statuette. This outline, or “core"?* must be coa.t(\1 
up with, wax to make up the deficient J inch. This muclF miglit 
be accompKshed by an ordinary workman, l)ut for the rest t]a‘ 
services of the artist are ind^ensable, , With great delicacy oi' 
touch he must work up the likeness and texture of Lis subject on 
the wax ; in fact the expression, the minute lines, all the (l(>tails 
of the artist’s (X)nceptiQn^||Ht ke executed in ^|>his wax, and it 
will be seen at once that’fljHbn is competent to carry this out 
satisfactorily. Were it d(i^ % anyone else it would be, at tlio 
best, but a copy of the statuary’s conception. 

The portrait completed, five or six pieces of wire must be puslied 
through the wax into the sand outline or core. It is now necessary 
to coat over the wax with liquid sand, applied most carefully with 
a fine hair-brush, ^^'hen a few coats of this sand have been made 
to adhere to the wax, the statuette is surrounded by an iron frame, 
and the frame is filled up with sand mixture. Tlie frame is 
generally about twice the size of the statue. Wlien all is ready, 
this frame is removed with its contents to a warm i)lace, so that the 
water may evaporate from the sand and the latter gradually consoli- 
date. Holes must then be cut at one end through the outer sand 
casing to {he wax ; :after which the Irame is sul>jected to the baking 
process in a hot oven. The wax of course melts and runs out. of 
the small perforation, leaving a space between the inner core, 
maintained in its position by the wires mentioned above, and lh(3 
outer mould, which latter bears the faithful impression of tli(i 
modelling bestowed on the wax. The holes through which the 
wax escaped are now used for the purpose of introducing the raolt(3ii 
bronza The metal poured in rapidly fills the space oncf3 occupir^d 
by the wax, and the work is done. When the metal has had tim(3 io 
cool, the artist anxiously breaks the sand casing away to disentomb 
his vfork. Sometimes a successful, insult rewards his pains, but tli(3 
work is often a failure. The metal has not perhaps filled all the 
iiliar]>cr and smaller crevi<^ in the mould, or the presence of dump 
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las iinucilod ilio process, or, again, the escape of various gases Las 
s|)lifc ilio Tnould ; and thus the whole work is in one moment de- 
^iioypd, and must be commenced from the very first stage. 

On ili<‘ other hand, the method now pursn^ is more scientific, 
involves less risk, and is consequently less expensive, though it is 
si ill necessary to exercise the greatest skiU am jud^gment. The 
scnl|)tt>r yeed only produce his conception in when this 

is linislied hand it over to the founder, who can undertake the rest 
oi Iho work without any assist.mce from the sculptor. The plaster 
model is forlliwith embedded in the saud'^outained in an iron frame 
or nu)iilding box. Thus safely laid ouf on a soft Led, the workman 
l»(‘giiis wh.'it is called piece-moulding, J^jUag a small section of the 
slatnc, he forces the sand, by strikidfwHwtly with a mallet, into 
cvcay fissure and crevice, and thus ooBBr'an, accii’-ate impression 
of licit part of the model on which he haii been working. Having 
coin[>lcied one piece lie proceeds*with another, until, by putting 
the puces together, he can cover that part of the statue which is 
< \ posed out of the sand-box. The model is then lifted from its feed, 
tunui'l round, impressions taken of the other side, and when thik is 
com[>l(‘it‘d llic model can be removed uninjured. 

1 Ik; pioi^es of sections of the sand having the impnissions of the 
modi'l are iltted together in their relative seating within the two 
halves of the mould-box. The mould being removed, we have, 
as ii wore, two sand inversions, one representing the right and 
tlu' othiT the left side of the statue. The moulder then proceeds 
o> i]i.-ik(3 in the impress a core or facsimile, onlyjl^ttle smaller in 
so ihat, when this is plac^ within the mWS, therS’shoulS 
remain all round a margin between the motfid^and the core 
( (jual to about inch in thickness. The core and the pieces 
which constitute ihe mould, being - i^cured in their resp^tive 
I daces, the whole is then exposed to tte beat < 3 $ an oven, ^ that 
1 ha moisture may be '‘emoved and the simd hardened to receive 
tli(^ metal. Vents for the foul air and gas be provided, 

aiicl rniiTicrs to enable the metal to penetrate margin 

!»ct\v(‘(‘ii the core and outer mould after'; has thus 
].(‘cu cast. The sculptor may, if he, any irnprovo- 
mciit to the chaser, who polishes ax^ off the casting, 

Owing to the intricacy and fluency W the model, it sometimes 
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requires a great number of pieces to make the mould; and als«o 
several months* work to finish, successfully, a group small enoiii^h 
to be stood upon a mantelpiece. One of the great advantages ut‘ 
this new process it' the &Gt that, if the casting fails, the artist's 
chalk model, the result perhaps pf infinite labour and of an inspi- 
:^^tion Ivlncdi may never be repeated, remains unaltered. A new 
mould may taken from it, and the second cast prove a sik ch ss. 
The statue may thus be reproduced as often as desired ; whiles, willi 
the old process, the artist’s work was carried away for ever as ilie 
wax melted, and, if the cis^ proved a failure, there was no long<‘r 
any record remaining of the, work done and lost. 

The process of, Is largely employed at the 

foundry of Messrs. Co., London, and to this firm \\f^ 

are indebted for the prdq^^ion of some of the best modern fiin‘-ait 
castings. The beautiful lamp standards which adorn the Allx rt 
Embankment on the river Thames, are notable specimens of their 
skilL 





CHAPTER XXYL 

BELL FOUNDING* 

The manufacture of bells dates from a very early period : church 
bells were certainly in use in England in the reign of King Egbert, 
as the priests were expressly commanded to ring them at certain 
hours. According to Stowe, bells weiri^rst cast in England by 
'I’urkciol, Abbot of Croyland, Chancellor to Edmund I. ; and the first 
tunable set were put up in Croyland Abbey, about 900. 

Ill early times bell founding, like most of the useful arts, was 
carried on by the monks ; when, however, it became a regular trade, 
niaiiy of the founders carried on their vocation by journeying from 
}»l.i{‘e to place, and casting bells quite ^lose to the position they 
wt n* iiiieiided to occupy, 

It is improbable that any bells now remain in this country of 
dale prior to the fourteenth century, and of the most ancient of 
the age can only be approximately ascertained, as the custom 
of jilacing a date and inscription on bells, wliich is now almost uni- 
versal, only commenced in the sixteenth century. 

The very old bells expand more gradually from crown to rim 
i haii llie, modern ones, which spread out somewhat abruptlj towards 
the moutli. It may also be said that the former are almost in- 
vui iably of excellent tone, and far superior, as a rule, to those cast 
ill recent times. It Las long l»een popularly supix)8ed that the 
b)m) of the older bells was due to an addition of silver to the bell 
inrial, but recent experimentig have showm that the presence of 
silver 8])oils the tone, in direct proportion to the quantity of silver 
added. — 

Owing to the number of church bells in our towns, England used 
formerly to be called the although, indeed, Kalielais 

appliies the term riele sonnante td Rome. In England bells are 
usually arranged in peals, whilst on ithe Continent, especially in 

, > 1 2 u 2 
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the churches are provided with chimes of rxcelli'iit toio, 
which are either played up6k by h?ind, or by a simj)le inechaiiisjn 
arranged to perform certain airs-,. 

Pefore the Eeformation it w^ usual to cast some religions in- 
vocation on the bells; that. custom was replaced by the foniuhrs 
placing their trade marks, or some short sentimeniw verse, upon 
bells, either with or without a date. « 

The chief reason why so few bells of early date are now to 
found in England is, that during the Civil Wap very many wen^ 
removed from the churches to be cast into cannon ; anolhor rcji^on 
is, that it is usual to remove and destroy old bells, for the sahe of 
their metal, when new ones /ftre required. 

The largest hells are^^'be found in Enssia. That wlii(.*h \\i\s 
cast in Moscow, in 1736, is said to have weighed 250 tons, and tlu' 
value of the metal contained in it was estimated at considorahly over 
()6,000f., much gold and silver having been thrown in as volivt* 
offerings by pious people; this bell was broken the year alter il 
was cast. Another, weighing about 110 tons, was cast in IISIT ; 
and three other smaller have since been added. 

No bell at all appl^^ing th^e in size exists in I'^ui^laud. 
“Big Ben/* which was for Westminster, in 1856, v\ei-lied 
15 tons 8J- ewt., and this, being cracked, was replaced in JS58 by 
one about 2 tons lighter, 

“Big Ben** was — and its successor, “St. Stojdien/’ is— tlio 
largest bell in England. *‘Big Ben*’ was .so named aft<^r Sir 
Benjamin Hall, then Chii^f Commissioner of Works ; it was cast af, 
Hoi;ghtbn-le Spring, Durham, by Messrs. Warner, at an ex])OTi-o of 
3344Z. The alloy used was composed of 22 parts of cop[Hn' to 7 
parts tin.' Its diameter was 9 feet 5i inches; height, 7 fc-ct 
inches ; the clapper weighed 12 cwt. 

In October, 1857, it was "discovered that *‘Big Ben” was 
cracked ; it was Oonsequently removed and broken up. A new 1 cl I 
was cast by Messrs. Hears with the same metal. This hell, called 
“St. Stephen,” Wighs 18 tons 10| ewi; its diameter is 9 f^t 
6 inches; its height, 7 fe€t/4l0[.»^mches; the clapper only \Yeigli8 
6 cwt., about half the weight i||^.iormer clapper. 

This liell was struck for time on the 18th NovemlMT. 

1858, and less than a ycar kl^p^ ;.jefore it, also, was found io Ik* 
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cracked. The note of the bell is E natural, the (lu.irter bells being 
(i I» 1] F, the weight of the fourth-cj^uarter bell being 4 ti^ns. 

J\Iaiiy bells hate been successfully cast abroad closely approach- 

in. e: tiio wcigh(^s of “ Big and “ St. Stephen,*' but in England, 

< \^*( ])fc the bell at York, which weighs' 10 tons 15 cwt., the next 
l.ir;;csl. is Scarcely half the weight of ‘^Big BenV’ The bell of 
St. Taufs (Cathedral only weighs 5 tons 4 cwt ; this was cast as 
<Mrly as 1716, it is 10 feet diameter, the clapper weighs 180 lbs. 
As iliL‘ two bells at Westminster maybe looked upon as decided and 

iailiiros, it would appear that the art of bell founding on a 
larijr mile, is not so well understood in England as it is on the 
( oniiiiciif. It is certain that in many instances little or no 
III tent ion is paid to the musical tone, for, except where the hc‘lls 
arc arranged in regular peals, church bells in England are almost 
iiinvt rsally clanging, monotonous nuist&ces ; fortunately, they are 
n-nally so badly designed that their noise does not reach far. It is 
not nr*r object, however, to enlarge uprm the artistic merits of bells, 
e\e<‘pt in so far as they may be dependent uj oii the form of the bell 
and ilie nature of the alloy of which they are cast. 

In the list of alloys used for bell casting, and for other instru- 
iiKTits, sncli as gongs and cymbals, intended to give forth sound, 
it will I)e seen that the chief ingredient is coppej-, to w^Lich tin is 
added in ])roportions which varj" according to the tone required, 
l‘oi’ upon the latter metal depends the peculiar tone of the casting. 

Jn liSdT, E. B. Denison read a paper on the “Greiit Bell of 
Wrst minster,” at the Royal Institution, in which he gave the 

je. -iiUs of numerous experiments on the shape of bells and the 
>aiipositioii of bell metnl. 

'rh(^ object in view being to obtain Ibe best bell that can he 
nia l(‘ of a cortainjgjveight, to give a combination of the most power- 
ini }ind most pleasing sounds, the shape and composition of metal 
li,i\e to be settled. As to the depth of note, he,aajB, any depth of 
iu»t(‘ can gojt from a bell of a given weightj»|aak:ing the bell 
]ai g(‘r {ind tliiimer— and of course worse, as the^^^d becomes thin 
and ])eor, and cannot be heard at any great distance. 

Tl}e French shape for bells is- liot considered so good as tlie 
English standard, nor is the mixture of metal they employ con- 
sidiTcd correct. ' 
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The shape adopted for the Westminster bell was sometliin" 
between the shape of the great bell of Notre Dame, in Paris, aiul 
that of the great bell at Bow. 

The exact height of the bell does not appear of great import- 
ance. Foreign bells are usually higher than English ones, wl)i( h 
vary from two-thirds to three-fourths the diameter, altliongli tla ro 
are some higher ones; the vertical height inside of tlic^ bells at 
Westminster is ^ of the diameter. 

In a bell of the usual proportions the thickness of the upper or 
thin part is one-third of the sound low, or thickest part. As to 
ihe thickness of the sound bow itself, which is often ppoken of 
simply as the thickness of the bell, large bells of a peal are some- 
tiniPS made as thin as ^th of the diameter, and the small om s as 
thick as ^^thof the diametm* ; the most eflfective proportion is from 


D 
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12 13’ 




In casting peals of bells it is necessary to take rather a 
wider range, in order to prevent the treble being so small and 
weak as to be overpowered by the tenor, though care must be tukdi 
not to run into the opposite extreme, and make the large bells too 
thin. 

The thickness of the Westminster bell ("Big Ben’’) was 
i)g inches, or about -j^th the diameter, 9 feet SJ inches ; tlje waist 
was inches, or one-third of the sound bow ; the width at the toj> 
inside was one-half the width at the month. 

In cillcnlating the sizes of bells to produce particular not/*?, and 
assuming that eight bells are made of similar material, and tlaiir 
sections exactly similar figures, in the mathematical sense, they 
will sound the eight notes of the diatonic scale if all their dimen- 
sions are in these proportions : 60, 53J, 48, 4*^40, 36, 32, 30 — 
which are merely convenient figures for representing the inv(‘rs(^ 
proportions of the times of vibration belonging to the eight notes 
of the scale. S^i||hat if it is required to make a h^l a fltth above 
a given one, it must be t^-thitds of the size in every dimension, 
unless it is intended to vary the proportion of thickness to diameter, 
for the same rule then no lonj^r holds, as a thinner bell will give 
the same note with a lees diameter. 

The reason is that, aco0S|^ing to the general law of vibrating 
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or Rprlngs, the tipie of vibration of similar bells varies as 

!ih‘iwei^ 2, When the he]h are also completely similar solids, tlie 

thickness itself varies as the diameter, and then the time of vibra- 
tion may be said simply to vary inversely as the diameter, 

I’lie weiglitsof bells of similar figures vary as the cubes of their 
iliametcns, and may be nearly enough represented by the figures 
21ih ir)2, 110, 91, 64, 46, 33, 27. The exact tune of a set of 
lu lls, as they come out of the moulds, is a secondary consideration 
to their tone or quality of sound, because the notes can be altered 
a little c‘itlior way by cutting, b^t the quality of the tone will 
rcrnHin the same for ever — except that it gets louder for the first 
two or three years that the bell is used, probably from the particles 
arranging themselves more completely in a crystalline order under 
the liiimmering, as is well known to take place. 

'File designing of hells is regubted by certain fixed rules, 
deprived from experience, and which are handed down from one 
g(‘iioration of bell founders to another. Some makers have their 
own pcnniliar mixtures of metal and design of bell, to which they 
attach paiticular importance and secrecy, but it is doubtful whether 
any real advantage has been attained, either in tone or durability, 
by any of tliese secret processes, as compared with bells carefully 
d<‘signed and cast with proper precautions, and a thoroughly good 
iiK'tal, on the ordinary plan. 

'Idle weight of the clapper for “ Big Ben ” was much greater than 
usual, in proportion to the weight of the bell; whether it was 
wise to d(‘8ign it so or not is a question which is not easy to decide, 
blit in the next bell, “ St. Stephen,” the clapper was only made half 
the weight. The reasons given for its unusual size are, that it 
was found that an increase of sound could be obtained from the 
l)(dl by increasing the weight of the clapper up to' 13 cwt, or 
id/oiit weight of tlie bell, which is a little higher than 

th(^ proportions existing in some of the larg|g|toeign bells, and 
two or three times as high as the usual Englii^Ppoportion. 

The weight of a clapper is limited by two considerations, the 
sireiigth of the bell and useful effect, for there is always a limit 
beyond which no more sound can got from a bell by increasing 
the weight of the clapper. The was satisfactory in one 
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respect, as the body of sound given out ^y ‘‘ Ben was very 
different to that obtained from other large bells having only sni:ill 
light clappers. Tl^s result is one of the tests by which to deter- 
iriine the value of a belb as, although almost any deptli of iioie ( an 
be got out of a bell of any weight by making it thin enougli— anti 
a small bell of a few hundredweight will sound almost tlie sixnm 
note as one weighing several tons — at a short distance the sound 
becomes thin and podr, and is inaudible long before thci Lugej 
Ibell, if the latter be properly dasigned. As an example oi' tli s 
may be cited the 29-cwt.,bell, which was exhibited in ISf)! ; it 
liemispherical in form, and sounded nearly the same note as ‘‘ Ihg 
Ben,”and yet it could not be heard so far as a 3-cwt. bell of tin’ 
usual and correct form. And a Chinese gong, which also give s a 
deep note and a loud noise, can only be heard at a coiup:nMt i\rl\ 
slight distance, showing with what a small weight of met:d (h ep 
tones can be obtained, altfacugh it is true that a gong diHers 
from a bell, because it can only be* roused into full vibrntiou by 
a repetition of soft blows. In casting gongs, 4 copper to I ol’ 
tin, they are allowed to cool suddenly, the metal is tlnui nui'le’i cMl 
malleable; but the art, simple as it would appear, of makiug 
good gongs appears to he possessed by tlie Chinese aloiu;. 

The usual mode of hanging large hells is to cast six cars or 
loops on the top or crown of tho bell; these are called canon^^, 
through which iron hooks and straps are put to fasten the hell to 
the stock. 

Smal|^ bells may be hung quite securely by a single canon, oi 
plug with a hole in it, like a common hand-hell. 

This method of hanging by canons is objectionable, no doubt, as 
they must always, be the weakest part of the casting, from Ixmig 
nearest the top ; practice it is found that they fn^pn ntly 

break, and have 'replaced by iron holts put through lioli-s 
drilled in the crown. It is also difficult to turn the hell in lb'* 
stock, to present ^'GW surface to the clapper when it is worn iliin 
in one place, l^se disadvantages were avoided in iho 
minster bells, by casting on a very short thick hollow neck with ji 
strong flange round the top, w&h could be fastened to tho stock 
by holts with hooked ends. By this anaugement th(^ hdl is 
licit! by a large section of xtey^p metal, and can at aii} time l.(^ 
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Fliififd round by slackening the bolts. If a clapper is fo be used, 
it (‘,an be hung upon a separate bolt, piissing through the hole in 
tli<‘ iK'ck and ^through the stock, andsecufed above. 

AVlicn only clock-hammers are employed to strike on bells, the 
wear is so small that the facility for turning the bells is of secondary 
iiiiliortance. But this plan, which was designed by Sir. Denison, 
has tho^rcat recommendation of strength, and wbtdd probably have 
bfon largely adopted but for the loss of the canons, which are 
regarded by the founders as an ornamental finish to bells, upon 
^\hi(‘h they rather pride themselves. 

d'lie following is a list of several of the largest bells known; 
t])e weights of the two Kuss'an bells are not over-estimated, for 
the tliiekiiess and height are well known, and there are several 
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W^eiKhU 

riametcT. 

'PhlcknesK. 





tons cwt. 

ft. in. 

ill. 



M-ispow, IToO; brokc*n\ 
I7:i7 .. f 

2 .n 0 (?) 

22 8 

23 

,, 


Ant'llnr, 1SI7 .. 


110 (?) 

10 to :ji 

18 0 

,, 


■ 5 ’^ of bell 

'1 liM‘« Ol.lK'l’d ,, 


.. 




Nn\ »roa .. 

,, 

HI 0 

.. 

.. 



< 


17 IS 


.. 

, , 


A wum;«. 1711 


17 H 

0 10 

, , 

, , 


W«M,jninsn;r, IfiiiC 



9 5§ 

9i;- 

K 


Ul»7 .. 

, , 

18 15 

8 74 


F 

l’;ir:.v IT, SO.. 

, , 

1‘2 10 

8 7 

■Ji 


0 } cwt. 

1SI7 .. 

, , 

12 15 

8 7 

H 

F 


( I-l IS .. 


H H 

7 11 

G 

• 

r.u'-'lriu. laO? 

,, 

11 0 


,, 

, , 




10 17 

,, 

.. 

. . 

,, 

tnk. 18 l.'> .. 


10 15 

8 4 

8 

F sliarp 

G 

4 cwt. 

r»niu;«‘s, 1080 


IG 5 

,, 


, , 

SI. I't l.-r’s, Komo 


8 0 



, , 


Ox j'.. 1 , 1 , 1080 

,, 

7 12 

7 0 


, . 

80 lbs. 

l.ncrrnr, KISO 


7 11 


w • 

G 

,, 

Jliillu r.slaat, 1157 


7 10 

.. 

• • 

,, 

1 


,, 

7 3 

,, 


. , 

,, 

linisscN .. .. 


7 n 

.. 

«« 

Q sharp 


J )iiiitzic, 1 .. 

,, 

6 1 

.. 


i\ •• 1 


Lnwnlii, 18.'U .. ' 


5 8 

6 10 } i 

6 

‘ - A 

l .^»0 lbs. 

St. ruiil's, 1716.. 


5 4 

0 9 I 

• p 

A 

180 ll>d. 

( iilCTit 


4 IS 

4 

p P 



DouIu^ik* (iifw) .. 


4 18 



, , 

,, 

01(1 IjiiK-oln. 1010 

.. 

4 8 

p « 

Bilat 


E<»nitli-qu;irter boll, 1 
\V(^atimiibt(T, 1867 J 

4 0 

6 . 0 ^ 

i' 

5i 

B 

- 
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otlier bells, mentioned in works on Eussia, all of great weight, 
from wbich it appears tliat the Eussians Lave surpassed all oIIkt 
nations in the magnitude of their scale of bell founding. Many 
large bells are also known to exist in China, but they are oi a 
totally different foirm, and no reliable informiition exists from whicli 
to give details of their composition and mode of construction. 

Concerning tiie composition of bell metal, it is well known to 
consist of from 5 to 3 of copper to 1 of tin ; experiments havo 
been made to ascerfaiin whether there is any other metal or alloy 
which would answer better, or as well, and cheaper. The na tals 
that have been suggested are aluminium, either pure or alloy td 
with copper; cast steel; union metal, consisting of iron and tin ; 
and perhaps glass might be added. The first is at present qmU) 
out of the question, as it is enormously expensive. Steel b(.Hs, 
though they might be made cheaper than in boll metal, ar(^ 
exceedingly harsh and unplea-^ant in tone. Much the same may 
be said of the iron and tin alloy, of which there was a large bell 
in the Exhibition of 1851. It is scarcely nece^siry to leCer to 
glass, because its brittleness is enough to disqualify it for use in 
bells ; but, besides that, the sound is very weak, compared with a 
bell-metal bell of the same size, or even the same weight, and of 
course much smaller. 

As regards silver, that is a purely poetical and not a chemical 
ingfUlient of bell metal ; there is no foundation whatever for tla^ 
vulgar notion that it was commonly used in old bells, nor the 
least reaion to believe that it would do any good. This may easily 
be judged of from the fact thit a silver cup makes a rather worse 
bell than a cast-iron saucepan. 

Dr. Percy cast several small bells of various alloys with tho 
following results : — ^ , 


Iron, 9G .. iNotsogoodas csopper and tin alloy either in 
Antiiuony, 5 \ tone or strength. 


Copper, 88 '65 .. 
riio^phorus, n*35 


Copper, 90*14 
Aluminium, 9*8G 


! A Very hard alloy, capable of a fine polish, l)tit 
more brittle than bell metal, and inferior in 
aoimd even to the iron alloys. 

i This metal in strength and tongli- 

nes^ «9pK>Tishe8 like gold, bqt for tone it 
Will n^jl^p^hd against bell metaL 


•• { 


This tunkes a ^tter bell than the la&t-numed 
alloys, inferior to bell metal. 


Brass 
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M. Ste. C. Deville, of Paris, ca^t a bell of pure aluminium ; in 
form it was a reproduction, on a small scale, of the Westminster 
1k11, reduced to 6 inches diameter; the surface was turned, and 
every care taken to produce as perfect an aluminium bell as possible ; 
but Ibis proved to be quite as objectionable in tone as any of the 
alloys above named, whilst of course the cost wpuld have put the 
metal oht of the question commercially, eveii/llpt had given la 
^ 00(1 musical result. 

Ifaving, therefore, brought the subject back to the copper and 
tin alloy as the best suited for bells, the starting point for further 
inquiry is, what are the best proportions to nse in order to obtain 
th(‘ strongest, clearest, and best sound possible? 

'Jliey have varied from something less than 3 to* something 
more than 4 of copper to 1 of tin, even disregarding the bad 
I)(‘11 h of modern times, some of which contain no more than 10 per 
<*(‘nt. of tin, and no less than 10 per cent, of zinc, lead and iron 
a(lult('rations. Upon, trial it was found, however, that the best 
iiu'tal for tlie pui*pose is that which has the highest specific 
gravity of all the mixtures of copner and tin. Copper, as now 
siiieltt'd, will not carry so much tfei^ the old copper did without 
making the alloy too brittle to be safely used. The 3 to 1 alloy, 
('veil yiben melted fwice over, had a conchoidal fracture like 
and was very much more brittle than 22 to 7 twice niel|ed, or 
7 to 2 once melted. The metal used for the W'estminsii||||bells 
was 22 to 7 twice melted, or 25*1 of tin and 75'8G of copper. 

I'liis 22 to 7 mixture, or even 3^ to 1, which is pr<ibably the 
best proportion to use for bells made at one melting, is a much 
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Kouen. 

Olfiow. 

York, 

Lincoln. 

Weetmlnster. 




Old Peal. 

16 Id. 

Top. 

Bottom. 

Oopper 

71* 1 

72-4 

72*76 

74-7 

73*31 

75*07 

'I’m (with Antimony) 

26- 

24 '2 

25 -SS) 

23*11 

24-37 

24-7 

1 roil 

1-2 

,, 

•83 


•11 

12 

Zinc .« 

1-8 

1- 


tmcoB 

, , 

. . 

Li'iul 


'4.. 

1-77 

1*16 

traces 

tun rs 

Nickel 

•• 


' -85 

•58 

.. i 


Specific gravity .. 

•• 

«• 

\8*7G 

8*78 

8*817, 

1 

i 

8 IM 
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‘‘Li"lier” metal than the modem bell founders, either En^Hsli or 
Ercrich, generally nee. As there is no great difference in t]ic‘ 
of the two metals, the reason why they prefer the lower quantity 
of tin is, that it makes the bells softer, and therefore easier to cut 
for tuning, which is obviously a very insufficient reason. It 
would therefore , be advisable to stipulate, when ordering bdls, 
tftnt the mctal^fpi^I, when analysed, contain not less thaii 21 \)vr 
cent, of tin, or mdfe than 2 per cent, of anything but copper aiwl tni. 

It will be noticed that in the Westminster bell the spccilM*. 
gravity was higher than in the others, and it is consider(^d Unit 
the specific gravity of bell metal should not be lower than 8 ■ 7. 

Small bells are generally moulded in sand from a metal or 
wooden pattern, and the sand mould is dried in a stove, llav'nig 
l)efore described such moulding, it will not ho necessary to cnlariKi 
here upon the casting of small bells, of less wciglit ihan, say, 
112 lbs. The most important point in the art of hell founding is 
the proper form to give a bell to obtain the desired tune, wliieli 
is also dependent upon the metal used. 

Large bolls are moulded i^loam, in the same way as the large 
pan shown in Fig. 149. TllS'tore is built in brh'k on an inai 
platform, which must have snugs in case the mould is made above 
groJl^d. This brick core is covered with | inch or 1 inch ^Jiiick of 
hair-lpam, and the last surface washing is given by a finely ground 
coD(H||lion df clay and brick-dust. This latter is mixed witli an 
extf^' of horse-dung, to which is added a little sal-ammonia. 
Upon thq^core the mickness ** is laid in loam sand, hut the thick- 
ness is again washed with fine clay to give it a smooth surface. 
Ornaments which have been previously moulded, either in wax, 
wood or metal, are now attached by means of wax, glue or any 
other kind of cement. If the ornaments are of such a nature as to 
prevent the lifting of the cope without them, for the cope cannot he 
divided, the ornaments are, fastened to the thickness by tallow or 
a mixture of tallow and wax. A little heat given to the mould 
will melt the tallow, after which the ornaments adhere to tlui co\)(\ 
from which they may,be r6may^.'wiben the cope is lifted off’ the 
core. The thickness must te'wyi |)olished; and, as no coal can 
be used for parting, the whole is slightly dusted over wdth wood 
ashes. Tho parting between the core and the thickness is also 
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ma(l(i with ashes. The cope is laid on at first by means of a paint- 
hnish, the paint consisting of clay and ground bricks, made thin 
by horse- water. This coating is to be thin and fine ; upon it hair- 
loam, and finally stra^'-loam, is laid. 

'I'ho crown of the bell is moulded over a wood pattern, after the 
spindle is removed, ITie iron or steel staple for the hammer is set 
in the «ore. into the. hollow left by the spindla'^^It projects into 
l-lir thickness, yo as to be cast mt:> the metal. The facing of the 
iiumld ought to be finished when the cope is lifted oflf. Small 
d(‘ir(*.ts may occur, and are, if not too large, left as they are ; the 
< xcc‘SH of metal in those places is chiselled off after the bell is cast. 
All tliat can be done in polishing the facing of the mould is to give 
it a uniform dusting of allies. When the mould is perfectly dry, 
li is j)iit together for casting. The core may be filled with sand 
if pr(.‘fcrred, but there is no harm done if it is left open, for bell 
iio liil does not generate much gas, and there is no danger of an 
cvplosioii. The cope is in some measure secured by iron, but its 
chuf security is in the strong, well -rammed sand of the pit. ^J'he 
c ist gate is on the top of the bell, either on the crown, or, if the 
latb r is oniiimeiited, on one side of it. ITow-gates are of no use 
Inns the metal must bo clean before it enters the mould ; there is 
no danger of sullage. 

The mode employed in casting “ Big Ben ” is thus described : 
d'he metal was twice melted in a common furnace ; ||wa3 fiipt run 
into ingots of bell metal, and then these iggots were melted and 
j 111! into the mould from a reverberatory ftqpBtce. The ingots were 
only ill the reverberatory furnace 2^ hours "before the metal was 
i(‘M(ly for running, and the whole sixteen tons were run into the 
mould in five minutes, quick runmn" b^ing considered essential to 
lln‘ jiroduction of a sound casting. IntbVpSoulJiDg, Messrs. Warner 
proceeded in a different way fron\ ttot. n&ually adopted. 

First of all, a hollow core was built of bricks and straw and 
cLiy, and made to fit the inside of the bell by being swept over 
\Yith a wooden pattern turning on a vertical axis through tlie 
luidJle of the <jore/. For bells^ of a Moderate size, they keep 
a iiuinbcr of different-flized cores of cast instead of building 
them up of bricks, ahd the/irbn core|| to' covered with loam. These 
iron cores are easily lifted into a furnace to be dried and beutod, 
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whereas the brick ones must have a fire lighted within them. Ihit 
the great difference in their process is with regard to the coi)(\ 
Generally, a clay bell is made on the top and outside of the core, 
the outside form being formed by the use ol^jpaiother sweep of the 
exact profile of the outside of the belL and turning on the u])right 
spindle as before. When this clay bell is dry, a third fabi ic of chiy 
and straw is laid on the outside of the clay b^ and th's, as is 
well known, is called the cope. When it is dry, it is lifted up and 
the clay bell broken away. The cope is then lowered on to its seat 
again, and the metal is poured into the cavity previously occupitid 
by the clay bell This is a somewhat tedious process, and one by 
no means certain in its results, as, unless the greatest care is 
exercised in placing the cope on again, Ifter being lifted, one side 
of the bell will be cast thicker than the other. And the error is 
of course multiplied, for if the cope is put on, say, one-eighth ol 
an inch to one side, one side will be one-eighth too thin, and ihe 
other side one-eighth too thick, so that one side will be a e|uarter 
of an inch thicker than the opposite side. 

Messrs. Warner’s plan was to make the cope of iron larger than 
would fit the bell ; this was lined with the casting loam, turned 
true by means of an inside instead of an outside sweep, and the 
junction being between an iron plate at the bottom of the core and 
the flange at t^ bottom of the cope, they could be fitted togtiilujr 
more |iocurali||jr , than tbe clay core and cope could be, and, mon*- 
over, bolted w^*6ther^^ as to resist the bursting pressure of ibe 
melted metal, insteaJlH having to rely merely on the sand wiili 
which the pit is filled, and such weights as might be phu^cul 
upon it. The core and cope were both made very hot boforci llio 
pit was closed in with sand ; for that was necessary to prevent too 
rapid cooling, which mak^'boU metal soft — indeed, if tlie cooling 
is very rapid, it will miike the m$tal malleable. 

Tho boll was kept in ihie caitmg pit twelve days before ih(^ 
sand was taken out, and eVan then the cope was too hot to touch, 
and it was left two days more before it was taken off. 

In reference to tbe composition of the alloy used in “J5ig 
Ben,” it is only just to state that the. Warners did not consider 
7 to 22 correct proportions for:, the aflpy, and 'only adopted tlios(‘ 
proportions by express direction. They say that they have never 
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adopted that mixture for any large bells, the constniction of which 
has been left in their hands, and that liad the original “ Big Ben ” 
been formed of the usual mixture, 1 of tin to 3^ copper, and been 
struck with a clapper weighing from 6 to 6 <pt,, instead of one of 
18 ewt., and had it not been allowed tp come into contact while in a 
state of vibratio^rom the action of the dapper.with the ponderous 
('X])LU'imental cll|l-1&ammer fixed on the outside, the probability is 
i hilt a second bell would never have been required. 

That Warner and Sous did object to using so much tin in the 
alloy, for fear of mjJling it too brittle, Mr. E. B. Denisem admitted 
when describing the bell ; but he stated his opinion that, if it was 
])rcij)(‘rly cast, the alloy ordered would be found satisfactory. 

Whether the fault of the bell was to be found in the com- 
j)osition of the alloy, the weight of the clapper, or the form of that 
Ik * 11, it is now impossible to discover, but the manufacturers seem to 
liave Ibreseeii some trouble with it; and, as they have always been 
very successful in bell casting, it would no doubt have been good 
policy to have left them free to settle the proportion of the metals, 
which should probably vary with the size and weight of the hell 
reipiitcxl. 

Messrs. Warner cast the fine large hell for the Town Hall, 
L(‘cds, which weighs over 4 tons, and the Westminster quarter 
bells, which are of the following dimensions, weights, and notes : — 




Weigbt. 

Note. 



tons cwt. qre. 'lbs. 

0 

]8t 

4.5-iiu diameter 

0 21 0 0 

X 

*2iid 

48 

0 26 0 0 

G 

3rd 

54 

0 S3 1 6 

F 

4th 

72. 

8 17 1 24 

0 


. The following scale (page 07:2) gives the average wSght of a 
lew peals of bells, of such sizes and proportioUs as are recommended 
by Messrs. Waruer and Sons, in their ^ Note$ on Bells.’ 

An article upon this Bubje<4, which may be referred to with 
advantage, appeared some two or thr^,.years since in 'Spoils' 
Ihctionary of Engineering.’ This i^b?K%distinctly the two modes 
of tracin" the outline of a bell. < 4 
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Peals op 8. 




Peals 5. 



Wright of Tenor. 

Note. „ 

We' gilt of Peale.| 

Weight of renor. 

Note. 

Wripli! 

of 1 

*■ a''.. 

ewt. 

qiB. 

lbs. 

. 


are. Ibe. 

cwf. 


»b-. 


cw t. 

I’-'J. 

I' V. 

3 

1 

0 

F shaip 

8 

1 0 

.6 

G 

0 

0 

2:t 

2 

0 

3 

3 

12 

E 

9 

2 14 

9 

0 

0 

Bflai 

30 

0 

u 

4 

a 

0 

Eilat - 

32 

' 0 - . 

10 

2 

0 


32 

2 

(f 

5 

f) 

3 

2 

0 

0 

D 

C sharp 

13 

15 

2 O' 
0 0 

12 

13 

0 

0 

0 

0 


;•!!» 

4(1 " 

0 

0 

0 

0 

6 

0 

0 

0 

16 

2 0 

15 

0 

0 

F sharp 

57 

0 

0 



PSALS OP 4 

s 




]^LS OP 6. 



5 

0 

0 

Bflnt 

16 

0 0 

9 

2 

0 

P flat 


0 

0 

5 

1 

0 

D 

17 

0 p 

10 

2 

0 

A 

40 

0 

0 

6 

0 

0 

C 

19 

2 0 

11 

a 

0 

0 sharp 

12 

0 

0 

]0 

0 

0 

A 

28 

0 0 

13 

2 

*0 

a 

Tm) 

0 

0 

12 

** 

0 

G 

36 

0 0 

16 

0 

0 

F 

(iO 

(F 

(» 

15 

0 

0 

F sharp 

42 

0 0 

18 

0 

0 

E 

Of) 

0 

0 


Peals op 8. 
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CHAPTER xxvn; . 

CLEANING AND DKESSING CITINGS. 

The casting in fonnflries is generally performed in tbe aftf»r- 
nooii, so as to make it the last business of the day. This time 
is chid! y selected to escapAhe heat of the hot sand after casting, 
which will then cool during the night After casting, the castings 
an* removed, and tlie moulding boxes piled in a corner of the 
hnildiiig, so as to be handy for the next day’s work; water is 
spriiikled over the sand, it is then shovelled over, mixed and 
lliinwii in heaps, where it remains during the night. If the latter 
woi k has been proBerfft performed the sand will l>e of a proper 
and uniform darnpne*tbe next morning. Each moulder takes 
cliargo of his own sand, and but little practice is leqnired to learn 
the ]>roper amount of water to be used in damping the sand. 

the metal of a cast is so far cooled as to be strong 
enough to hear removal, tbe moulds are taken opart and the sand or 
lu.'im is removed from the casting. Small castings require but a few 
uiiriutes to cool, while heavier casts take hours and even days. A 
in:i<s:ve casting, such as a forge-hammer of five tons wciglit, will 
lakr twe nty -four liours cooling in a green, and forty-eight liours in 
a dry, mould. The excrescences, fins, spurs, and all ragged edges, 
which may happen to have been formed in the p| 9 ^tings or core- 
joints, arc broken oft* as soon as the cast is removed Hnm the mould. 
The gates are, at the same time, broken off by tbe moulder; it 
ri ijiiii’cs some degree of skill to break a gate off smooth. Heavy 
castings are cliained to . a crane and hoisted by it. Very heavy 
castings require the united strength of two and more cranes. 
Small castings are removed from their moulds by tongs; one, 
two, or iiioro persons taking hold of a casting at the same time, 
(*arry it to a place termed the fettling designed for the recep- 
tion (d hoi castings. Projections whti^ enhnot be r(‘raovf\l in the 
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fonodry, aro cliiselled and chipped off in the yard, or in the 
fettling shop, where the casting is roughly prepared for fnrllKT 
work. Heavy and particularly hard cores, are removed 

in the foundry ISjl p the casting is entirely cold. 

The cleansing^f castings is a simple operation in an iion 
foundry where common castings are made ; any workman is fit to 
trim a coarse casting, or scour it. The first is done by .means of 
chisels or sharp hammers; the latter, \\ith dull, coarse files, wliicli 
have been used and rejected by machinists. Cast-iron tiles iiro 
also used for the latter purpose. The trimming and cleansing of 
valuable castings, such as statues or ornaments of art, is not so 
easily performed. An unskilled wofRian can easily spoil a wliohi 
casting in unskilfully chipping or trimming it. Thislvind of work 
is therefore generally entrusted to skilled workmen, and on such 
articles as statues the artist himself generally works out the details 
of the more important points. 

Grindstones are largely used in fettling, the |tones being a vari(!ty 
of sandstone commonly obtained from coa|||fatricts. Tlioy sljonld 
be of a hard, close-grained, sharp quality free from veins, and 
uniform in colour, llie stones are generally driven by st(‘am- 
power, and when, as is frequently the case, they run at a Jugli 
velocity, they are very dangerous, from tlieir liability to crucU 
asunder. To decrease this danger as much as possible^ it is iisu.d 
to apply rings or plates of iron to the sides of the stoiu^s ; tlicstsajo 
bolted on, some soft substance, such as felt, being placed between 
the heads of the bolts and the stones. Dry grinding cuts slowly, 
and creates considerable dust, but leaves a smooth skin. Wei 
grinding cuts quickly, and prevents the grain of the stone from 
becoming chokaj with particles of mot il. 

Neither 1^ or grindstones fettle so well as emery wIkh Is, 
which' are formed of emery of requisite coavsencss, mixed wjUi a 
cementing maferial. Figs. 258, 259, and 200 illustrate tbret' 
sizes of these emc'ry wheels, fitted on to machine frames snitabh^ to 
the class of work they are intended to operate upon. Tliey (jjicIi 
consist of a main s})indle running in bearings, and having at eit her 
end a grinding wheel and rests. In the centre are the pulleys 
necessary to transmit the power for running the wheels. 
machines illustrated are those made by Mt'ssrs. Slai-k, of Manchester. 
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Fipj. 258 shows out) suitab’e for light work and general brass- 
Ibundcrs’ use; the wheel is 12 inches in diameter, and from 1 inch 



Fig. 258. 

to 11 inch thick. Fig. 259^ illustrates a very powerful machine, 
a{hi])t(Hl for large castings, such as the framing of machinery and 
llie likc‘ ; tlio wheels are 36 inches in diameter and 3 inches thick. 



Fig. 260 is a front and end elevation of a machine specially 
designed for cleaning the teeth of wheels, suitable iueehiinic.il 

2x2 
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arrangcmonts being made for tbe support and rotation of the wind 
under operation. 

Fig. 261 illustrates another type of grinding machine, in wliiidi 
the revolring emeif stone is supported at its axis by both hands, as 
indicated ; by reason of the flexible nature of the spindle, which 



ScaJU, yif * 

Fie. 260 . 


conveys the power from the belt driven and stationary portion 
of the machine, the operating dresser can direct the grindstone 
along and across the heaviest or otherwise awkward castings, to 
such an extent as will , be foui^of the greatest conveni(‘nce as 
compared with the laborious pmclice of bringing a comparatively 
heavy casting to bear against the grinding wheel, as is often 
done. 

In cases where it is only necessary to scrub and clean tlie 
surface of a casting from sand which adheres firmly to it, more 
especially so when the casting is made in green sand, a, circular 
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Plod wire brush, mounted in the manner dBfcribed and illustrated 
fur a grindstone in Fig. 261, will be found of considerable servioe, 
by the rapidity and general 
ellicicncy of the work dona 

Fig. 262 illustrates some of 
the more useful forms of steel 
wire hafld-brusbes adppted for 
g(‘iioral work, where more eflS- 
cioiit mechanical methods are 
not available. 

The cementing material 
cm])loy('d in Kansome’s emery 
wheels is an insoluble silicate, 
a snl stance of hardness ap- 
j)roacliiijg to flint ; and which, 
by a cMirious chemical process, 
is fori lied within the substance 
of tlio block or wh^, there 
b(‘iiig no means of eflfeifting its 
direct use. 

This cementing material is 
so strong, that if a block of emery composition made with it be 
brtikon, it will be found to have fractured through the grains of 
onicry, and not by pulling them out of their matrix. It is so 
hard as to cut well in itself, and yet sufficiently softer than emery 



Fig. 202. 



fo \ve.ar away faster, and thus avoid the glazing otherwise in- 
(‘-vitable. The cement lieing insoluble in water, enables blocks 
]*jo[)anid with it to be used either wet or dry, although tlie lattsr 
way is in most cases preiorahle. 
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Another quality oPemery wheel extensively used is that maini- 
factured in Glasgow by L. Sterne and Co., and known as the 
^‘Consolidated Emery Wheel.” The cementing material, wliic-li 
is very diflFerent from that just referred to, consists chieny of 
rubber ground up and thoroughly mixed throughout, hy means 
of hot rollers, with a proportion of fibrous material and suli)lmr : 
the latter being necessary to carry out the ijulcanising process, i.y 
which the whole mass, including the emery grains or powder, 
becomes consolidated in the form of a grindstone of extraordinary 
strength and absolute safety at high speed. 

It should be pointed out, however, that the same quality of 
grindstone, even when graduated from fine to any rt^asonahle 
coarseness, will not he found suitable for all kinds of grinding, 
so that several of the best known makers’ wheels will each be 
found superior for certain kinds of metal work. For increase d 
strength, and corresponding safety, some makers Lave added 
a disc of open mesh M. I. netting, placed in tbe centre of th(\ 
wheel’s thickness, which wears down along jirith the emery. Other 
methods, such as special forms of binding wasliers on eacli side, 
have also been adopted, to give additional security fjom bursting 
under the high tension resulting from the great spe(‘d at wliicJi 
emery wheels generally must work in order to obtain the higliesl 
efficiency. 

Small blocks of consolidated emery may be used with great 
advantage by hand; but, of course, the proper result is obtaimvl 
when thp form of a circular disc is adopted, and the same rotat'd 
at a high speed. Under these conditions the durability aial t ut- 
ting powers of the material are extraordinary, experieiicci having 
proved that minutes with the wheel will do the work of Ijours wit li 
the file or chisel. A revolving wheel cannot go into corners, or dt) 
every variety of work, but an immense deal may be dune, and iha 
saving of both time and tools is very great. 

Kansome’s emery wheels are much ’ cstepmed in Jhiglisli 
foundries, and, from the circular of the makers, A. & II. JJateinan 
and Co., of Greenwich, we give the following practical remarks — 
which apply generally to emery wheels — on their use : — 

* “ It is well to run a coarse and a fine wheel at opposite (aids of 
the same spindle, doing the rough work on the former and finisliing 
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lip on the latter. Far more work can lie got out of the wheels by 
a])plying the work lightly to them, than by pressing or crowding 
it ; tho latter only heats the metal, makes the wheel glaze and often 
go out of truth. 

“ Speed has a great deal to do with result ; from considerable 
(‘xperieuce, a surface speed of 4000 to 4600 feiSt per minute, 
say 1‘bjO revolutions of the spindle for a 12-inch wheel, is 
r(‘comiu(iiided, although a thick wheel may be, run one-third 
fast(T with advknlage, and good work may be got out of a lower 
speed. 

“ A foundation for the machine, good enough for slow speeds, 
will not do for high ones. Any vibration or tremor while at work 
is certain to produce bad results.’ It is not enough to screw a 
spindle firmly to a bench or table, the latter must itself bo firm 
and rigid. In self-contained machines, a good concrete foundation 
is neee3.-ary ; the expense will not be grndged when the results are 
compared with those obtained from a machine on a shaky founda- 
tion. It must be rememliored, that a large amount of centritugal 
ibn‘(^ is developed in a disc revolving many hundred times in a 
minute, and this must be met by firm foundations and proper 
screwing up of the washers and side plates. Too much care cannot 
be taken on these points.” ^ 

To A. & 11. Bateman and Co. are also due the subjoined prac- 
\ ical suggestions : — 

‘‘ J. Ji>xamine emery wdicels and machinery at least once a day. 

“ 2. Eemedy any defects »t once, and on no account gf^on work- 
ing with anything out of order. If a machj,pe vibrates, add or alter 
r(‘.juisitc Sitings. Tf a wheel is chipped or out of tnilh, true it with 
ii ])lack diamoiifl. This may be done while running at full speed, 
caio being taken to touch the wheel very lightly. After trueing, 
tlio wheel will be dull ; rough it by ninniiig it against a piece 
of cop])or or a piece of hard coke. Do this freciuently ; it makes 
work pleasanter, and wastes the wheel fiy; l^ss than waiting until it 
is very much ‘ out.' 

“o. Never let the spindle jump or get hot— either will injure 
the wheel and produce bad work. 

“ 4. See that side plates fit tho spindle, and are fairly true. 
Sciow' up firmly, but not so tight as to crush the wheel. Do not 
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ns(i too long a spanner — is diflicult to estimate the force applied 
by moans of a screw and long lever. 

“ 5. Be careful to run the wheels at about the indicated speed ; 
they wear out quicker if run much slower, and are apt to go out 
of truth, and an unnecessary risk is run if the speed be too great. 
Ascertain the ispeed by means of a counter. Calculation by size 
of pulleys is not very reliable, owing to the difficulty of ' making 
proper allowance for * slip/ 

** 6. If working with water, let it be applied c!6se to the work, 
through a small orifice in a pipe under some pressure, eitlicr from 
the main, or from an elevated cistern ; the wind caused by tlio 
wheel will, otherwise, tend to blow the water away. If too much 
is used it will fly off and cause inconvenience. Generally, working 
dry will be found preferable, but, for tools and small work, water is 
necessary, * 

“ 7. With tools and small work, bold in tlie riglit hand, and 
press near the end with some of the fingers of the left Land, The 
^ moment the heat becomes uncomfortable, dip the work in water 
standing by, and then replace it on the wheel dripping, it not being 
necessary to dry it. Heat that will not hurt the fingers will not 
injure the temper of the steel. 

“ &• If a wheel breaks, nearly if not all the fragments will tly 
^in the line of rotation. In grinding, therefore, stand as clear us 
possible of this line, to avoid injury in case of accident, liailway 
trains sometimes come to grief — an emery wheel running at tlio 
same spey^d may do the same, but will not with proper care. 

** 9. Mount the with the wasliors supplied, and do not 

strip them off and {)M on others. 

“ 10. Most important of all, remember that /air ivorlchicj (jives 
lest work. Forcing work against a wheel injures boih; causLs 
risk of accident; hastens the wear of the wlieel; frequently 
causes glazing, which never happens with proper grinding ; and 
is sure to wear a wheel ffitrue, and involve very frequent truoing 
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There is but one limit to the use of emery wheels for fettling 
castings, and that is the size and weight of the castings. Ail 
castings, whether iron or brass, not too heavy or unsliapely to be 
readily bandied, should be fettled by the solid emery wheels ; and it 
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is placed beyond dispute, by the experience of years, that this plan 
is eboaper and more prac.tical than any other. 

Wo see little reason to doubt that the solid wheel will, in 
time, entirely displace the grindstone. There is toally no advan- 
tage in the very large S'ze of grindstones, and the great variation 
b( tween their maximum and minimum size causes much incon- 
v(‘iiiende to the workmen. The size of emery wheels is such 
that they occupy but little space, ind are mounted with the 
greatest case and speed. They are so strong that they can be 
run at an immense speed, and, being composed of anguhir grains 
of a mineral only inferior in hardness to a diamond, they cut 
much more rapidly than grindstones whose uneven texture is 
niauily caused by round and water- worn particles of silica. While 
tla; stones have to be roughed and picked from time to. time, 
no rc‘ally good emery wheel ever requires such treatj^^t, pre- 
s^ nting always a fresh, free, sharp-cutting surface. "M^'conse- 
(|U<aic(i of the hardness of the surface and the very liigh speed, 
the work needs to be lightly touched to the wheel, and the 
selection of heavy men as grinders is done away wdth, as are 
the swinging boards, housings, and appliances for getting 
Owing to the moderate size of the wheels they can 
he (‘asily turned with diamond tools, and thus always revolve as 
i)erl(Td circles, instead of becoming eccentric as the stones do. 

W hen green sand castings are comparatively small, and pro- 
duc(id in considerable quantities, the process of dressing may be 
very much simplilied by placing them in a barrel-shapec^ revolving 
chamber, such as that illustrated in Fig. 263. Here the power is 
conveY(‘d by heltiivg from a main shaft, and finally transmitted to 
ilu; revolver by means of spur-wheel gear, as shown. In some of 
the laier arrangements, the spur gearing is roplacifed by friction 
wheels, and the barrel supported at each end on roller bearings. 
’The charging referred to is by way of an opening in the side, 
causL tl by the removal of one of the iron staves, which is afterwards 
la id in ])osition by rneaM of hinged holts fixed at each dead end of 
the ban eh 'bhe ends of™e staves usually have running out slotted 
holes, lor the passage of the bolts into the fixing positions shown. 
Tl;e (‘ili'ct of eoiitiuiicd rumbling and tumbling of the various small 
ca.-iings over and against each other inside the revolving barrel is, 
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llmt their exposed surfaces surfaces become quite clean, free from 
sand, and even polished ; the sharp edges, too, become qiiife rounded. 
For this latter reason it will be seen that the rumbling pr(>(‘ess is 
not suitable for certain castings of an ornamental character, the 
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ornament or other design on which, instead of being In sharp ndief, 
would be considerably rounded ofl’, and, in some instances, quite 
obliterated. 

Fig 265 illustrates the Boyer pneumcj^ic hammer, recently 
introduced into this country by Messrs. Tait, Howard and Co., find 
extensively used for caulking the edges of steel phites, beading 
tubes, and other similar purposes ; also, more recently, for the 
heavier c}iipping work, and other operations in the dressing of 
iion and steel castings for whi(h the hand hammer hfis liitherto 
been used. \A'ith this pneumatic hammer, the head or hammer 
end of the chisel or other tool used, L (Fig. 265), is sjiccially 
formed so thftt it enters the neck bush K, and so closes the outer 
end of the hammer cylinder A, The extreme end of the tool L 
must project slightly into the interior, to receive the successivi^ 
blows from thci reciprocating hammer piston P H, as shown 
in Section 1. The method of operatic this hammer, as, for 
instance, chipping and dressing castings, is clearly shown in 
Fig. 264, in which it will be seen that .the left hand as usual 
liolds the chisel, while the right supports and #^irccts the 
l)iicumatic hammer, and at the same time presses it forward 
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(a) its work. With the earlier forms of pneninsitic liammcrs 
llio si'iisaiioii caused by the repeated shocks, corros})OTi(ling to 
cacli r(}ciprocation of the hamm^ piston, was very disagree- 
iii»Io; hut, with the most recently constructed hammers, such as 
lljat sliown in Fig. 2G5, very little shock is felt, and where 
lliry are now adopted, the men, after the usual prgudice at first 
jii^aiiist fahour-saviug ap[diances, have come to look on their use as 
ui' (rousiderahle advfllitage, by increasing the rate at which straight- 
ioiward henvy chii)ping work can be done with comparative ease. 
'I bis is indicated by the claim that one man (comparatively unskilled) 
with a pneumatic hammer and chisel can do the work of four ex- 
])(Ti(•lu•(^d dressers chipping in the usual way with a hand hammer 
and (*his»*l. 

Li operating the pneumatic hammer, the air under pressure 
(usually 80 i)Oi]n(ls per square inch) is convoyed by a liiglx pressure 



Ih'vible boso A PIT, as i^own in Fig. 2fi4, connected to a scrow(‘(l 
nipple or union inserted at ST, near the lower end of tbe liaiidle. 
The. bigh pressure air is admitted or cut off by moans of a small 
piston valve* P V, conveniently opened by the thumb of tlit* right 
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hand which presses down or relieves tlie trigger II, as shown in 
Section 1. 

The successive reciprocating movements of the hammer ])iston 
HP, are regulated or coutrolled automatically by means of a sini'Ic 
ring-shaped piston valve: this valve is turned out of the solid bar 
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of stool, an enlarged efevation of which is shown to the left. Tlie 
valve chamber and the hammer piston, P.H, are shown in f^eclioiis 
1 and 2. The position of the distributing; piston valve ivLilivo to 
tlie various ports and passages, and corresponding to the two ( x- 
troiiio positions of the hammer piston PH, is more clearly shown 
in the two enlarged Sections 3 and 4. Section 3 shows the hollow 
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piston \alv(^ in the position corresponding to that of tlio hamuKr 
])iKton P H, shown in Section 1, and by which the latter is caused 
to iiijilio the inward stroke. Section 4 again shows said piston 
valv(i ill the position corresponding to that of the hammer piston 
P H, as shown in Section 2, by which position the high pressure 
air is admitted to the rear end of hammer piston PH, wliich is 
tlior(‘l)y .forced again to the outward position already referred to, 
wli(‘r(‘ it is ariested by impact and its energy of motion-imparted to 
tljt‘ cliisel. The latter, hy the greater energy applied, is made to 
pt‘iloriii a corrt'spondingly increased amount of work as compared 
with the. ordinary hammer and chisel as usual, he. by physical 
iorcf‘. 

'rii<‘ reciprocating movement (f the distri mting piston valve is 
obtained I'j allowing the inlet pressure of air to act alternately on 
lli(‘ two annular arcias, a and h, which form the two opposite faces 
of the flange of greatest diameter, as shown in the elevation. The 
high pressure air is admitted behind the hammer piston P H, by 
\v:iy ot tlie various holes W, then round the tail end of ring 
valve, which forms the annular opening P, as shown in Section 4. 

inlet air pressure in the||^nular cliambm* e is at tbe same 
lime acting against tbe annular area of valve at d, and thus holds 
tlie valve in this position until thec(»inpletionof the outward stroke 
of the hammer piston P H, when the valve, as already stated, lias 
again taken up tbe jxisition shown in Section Jb dims the air, 
alba* doing work in the outward stroke, is allowed to exhaust freely 
by ^Yay ot the lurcnlar slots I (shown on the per^hery of the tlange 
of valv(‘) and grooved passage A, communicjpit^g with the outlet 
]>;issag( ^ i and h. The return stroke, agai^B* by the air 
inirl ])Hssure finding its .way through the coi^BTOwating uncovered 
])orts and jiassage, T' and T, formed in the cylinder, which lead to 
tin larger annular area of face c ot‘ flange on valve. The valve is 
again rt‘vers(‘d, accoDluigly. The inlet air, it will he seen, fills tln^ 
annular chamlier e, which communicates with the front or face end 
of bamnier piston PH, by way of the small passage S, shown 
doited, and communicating with passage E in the cylinder.* 

+ F(»r I miller fletrtila nnd description of the various intr^te ojuriitions rr- 
r(]ilr<‘(l io proilurf! the blows of the hammer piston HP in%pid siieeutinioii, mo 
‘Kn”iiieciiiij',’Feb. 25, IH08 
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Cleaning Castings with Sand Blast. 

Another application of air under pressure is that for the purpose 
of cleaning the surfaces, and lemoying the sand scale, etc., from 
castings. This process was first introduced by Tilghman, 1 870, 
for the purpose of cuttiug aiil perforating hard sub dances such as 
glass, and, later, for the clea ing and finishing of steel files, lor 
which purpose it is now extensively used with such marked success 


Kit 



US to suggest its application for the purpose of cleaning the surfaces 
of iron and steel castings — now carried on with the most satisfactory 
results, as indicated by tests which show that one man can remove 
scale from a casting at the rate of four square feet of surface per 
second. 

One form of sand blast apparatus, made by the Tilglimau’s 
Patent Sand l^st Company, Limited, near Manchester, is that 
shown in Fig. otG, from which it will be seen that the sujqdy of 
air under pressure (from 5 to 15 pounds per square inch) enters at 



SAND BLAST FOU CLEANING CARTINGS. 


GST 


jihout half-way up the side of the outer casing C) C, and may he 
rc^iilatrd hy means of the cock or valve A C to the desired pressure, 
wliieli will be registered on the pressure guage PG. The air under 
])re.ssure, it will be seen, acts directly on the upper surface of sand 
ill the hopper S H, and also on that portion of the sand expos 'd at 
tlie lower orilice 0. The combined effect of these opposing pressures 
is to enable the sand to How or gravitate readily downward by its 
weight into the air channel A C, the supply of sand lieing also 
regulated hy a shutter valve S V, operated by the hand lever H; 
the amount of oj^ening being cajiable of adjustment by means of 
tilt* set pill or stoiiper S. By these means it will be seen that the 
air, t'nti'iing the apparatus under pressure, at once finds an escape 
hy way of the horizontal channel A C, and, in rusting past the sand 
orilieo 0, carries with it the desired quantity of dry sharp sand, 
Avhich ultimately escapes, in the form of a sand blast, from the 
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nozzle S N (shown in section Fig. 2G7), at the end of a suitably 
Hi‘\ihle tube F H ; so that it can be diivcti^d hy lian 1 to the sur- 
iaci‘s of a casting, which it strikes with such force that it soon 
])roduces the desired cleaning effect suggested. When the liopper 
S 11 becomes empty, and a further supply of sand is required, the 
air ])ressure must he cut off by the valve A'J[|" Then the sand is 
atkhid hy way of the funnel F, pushing down^lhe valve C V at the 
same time hy means of the rod V li. For cleaning castings the 
sharp sand used should first pass through a sieve of 20 to 30 
nit’shes to the lineal inch. 

( ast iron as a substitufe for sand is also used in the form of 
globules or grains, which are produced by a jet of steam acting on 
a stream of molten iron so that the metal becomes atomised into 
tlic grains or globules referred to, and these are projeclod 
diroi-tly into a tank of water, in order that they may bo rajudly 
cooled c»r chilled and sufficiently hardened for this blast proco>s. 
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The advantage of the so-called iron sand over the use of ordinary 
sharp sand is, that the grains of iron are not broken up so readily 
as sand grains are by the force of impact against the suri'aci^ 
operated upon. There is also a considerable diminution in tlie, 
amount of dust formed when “ iron sand ” is used, and the woiic 
done is performed much more rapidly. Iron sand lasts from ten to 
twenty times longer than the ordinary sharp sand. 

By the method of application illustrated in Fig. 26G the sand 
grains (which by the rebound may carry them from 2U to oO feet), 
after doing work, are dissipated and lost; and this, apart from tlio 
expense, is a considerable inconvenience, and even danger, to tiic 
operator unless he wears a helmet smli 
as that shown in Fig. 208, into wiiit h 
pure air (about 1 cubic foot per minute) 
is injected by way of the tube A T slh)\\n 
connected at the top, while tlio vitiated 
air escapes through the loose portions 
of the hat. In ord<'r to avoid Avasto 
of sand, these operations arcs .soinotiinos 
carried on in a specially arranged blasting 
chamber, with suitable ventilation, nud 
with special arrangements for collecting 
the sand and returning it to the blast 
apparatus, as indicated in Fig. 269, which illustrates a sand bla^t 
apparatus in combination with specially designed revolving banc I 
or tumbler,* in which the process of feeding and extracting aftor 
lieing cleifiied is continuous and not intermittent. 

In this operation of filling the lower chamber 

with sand can be p^wmed without Bto])ping the blast, as in llio 
former example; this is obtained by adopting two chambois to 
form ail air lock, as shown dotted, each having valves Vi aiid \bi 
manipulated respectively by the ladles and H 2 . The air uiubjr' 
pressure is led to the apparatus by way of the pipe B P, bolted to 
the side, and the sand blast is conducted to the interior of rcvulviiig 
barrel li B by means of four separate tubes, the extreme ends of 
which are fitted with a suitable nozzle N, each of which isarraii.ired 
so as to direct the sand blast against the materials at equal intervals 
along the whole length of the barrel. The castings thus tix^ated, 
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from tlie time tliey outer the barrel by the charging hopper II, 
nr(i caused to travel along slowly until they ultimately fall out into 
cdiamber Bat the other end, where the sand and scale arc deposited 
along witli the casiings on a grating 0, placed at a suitable angle, 
and tliroiigh which the sand falls into the lower hopper IT 11, wliile 
th(^ cleaned castings slide down and collect on the upper side of the 
grating for removal 

Tlie sand collecting in the lower portion^ hopper H is con- 
ducted automatically into the main return pipe D, through which 



it is drawn by a current of air put in motion by means of the 
e\!iaust fan, and is thus raised again into the upper portion of the 
Mast a])])aiatus to be again used. About 3 inch of water column is 
the vacuum required for this purpose. The pipes E P, on the top 
ol‘ th(' blast apparatus and the chamber B, each 12 inches diameter, 
arc re«piied for exhausting the dust-laden air, and by this means 
the sand is maintained clean and free from the useless pulverized 
sand resulting from the process. To assist the exhauster draught 
action a small jet of air or steam pressure is placed near the end 
of tlieso pipes E P. 
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Tlie barrel is mounted witb two tyres E, winch rest on siiituble 
roller wheels W W ; the latter, being keyed to the shaft S, are 
made to revolve by worm and worm-wheel gearing driven by belt- 
ing, as shown. The barrel is therefore made to revolve by friction, 
and is prevented from moving endwise by the flanges on the small 
driving rollers W, as shown. 



. CHAPTER XXVIII. 

EXAMPLES OF POUNDIIIES ; COST OP MOULDING AND CASTING. 

The ])Liiiijing of a foundry is dependent upon so many varied 
circnuistaiicos, that we carpet here do more than mention a few 
of ilie cliief points demanding attention. We may remark that a 
well laid out foundry will always return greater profits to its pro- 
]>riotor than would otherwise be the case; and it must he remem- 
bered that the construction of such works is iKiciiliarly the province 
of an engineer who is familiar with the operations to be conducted 
therein. The foundry should, where possible, be built near some 
navigable stream or canal, and adjacent to good railway depots. 
'J'he space appropriated to the works should he ample, so as to allow 
of future extension, and the buildings may bo of brick, with hip 
roofs, and amply lighted. 

Stores for the raw materials should be roofed in, and near the 
furnace-house. Much waste is occasioned by leaving the pig iron, 
coke, sand, and the like, unprotected from the rain ; besides, this 
practice is very unsightly and untidy. 

The materials for core-making and loam work shouffl be stored 
in a separate shed, close to the loam shop, where the mills for 
griiuling the loam should, if possible, be located. 

The fettling shed should always be under cover, as the castings, 
wIk n run there to he cleaned, are hot, and will suflfor severely 
.from unequal contraction if exposed to, rain or placed upon wet 
ground. 

The main principle for guidance in the tirrangemeiit of the 
various departments is, to place them so that the materials may be 
transported in their various stages with a minimum amount of 
haulage and delay. The examples given in the following pages 
illustniie oilier points to which we need not allude furl her. 

1’he wheel foundry of the Pennsylvania Raihvay Coijq»aiiy, at 

2 V 2 
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Altoona, is shown in Fig. 270. It forms a wing of the inn in 
t'liops, and is a brick structure, with roof trusses of wrouglit iron ; 
the roof covering is of slate. The main portion of the fonndry, 
which is 138 feet 6 inches long by 71 feet G inches wide and 35 hd 
high, contains the moulding floor. It is lighted by eleven wiii<lo\vH, 
each 21 feet high and 8 feet wide, as well as by a raised skylight 
containing sixty sashesfej^. Ventilation is obtained by lonvivs in the 
raised sides of the skylight. On one side of this moulding lloor 
are placed the cupola chamber, 29 feet by 40 le-ot, tlie enginn 
house, 30 feet by 30 feet, the boiler house, 30 feet l)y 15 left, 
a core room and ovens of the same dime|piions. The ojxMatitni-' nl 
annealing anct finishing the wheels are prepared in a wing of tlu' 
foundry, 94 feet long and 56 feet wide. The general arrangriiK nt 
is shown in the plan, and the two vertical sections show ih-tails of 
construction. The wheel foundry is furnished with 13 liyduiuli^ 
cianes, arranged as shown in the plan. The ordinary worlcing 
pressure for these cranes is 450 lbs. per square inch. Each craiK^ 
is free to swing entirely round, and controls a circle 13 feet in tiia- 
nieter. They are unsupported at the top, hut are well secuicd to 
masonry foundations. The jib does not rise and fall, hut 
at the end a sheave, over which a wire rope passes and is brought 
back to the centre of the crane, where it is attacliod to tin* ])istou 
of the hydraulic cylinder, the travel of which raises or loweis llic 
weights to be moved. The circle of 13 feet diameter, whicdi forms 
the sweep of the crane, is sufficiently large to give spacer for lilb . n 
moulding flasks for wheels 33 inches in diameter, wliich is tlio 
largest size used by the Pennsylvania Railway Company. Tim 
exact position of each mould round the circle is marked by an ii;ni 
ring, that forms a level seat for the flask, so that little time is lo.-.i 
in arranging the flasks in their places and in the proper j)()sition 
for pouring. 

We may here mention that the fonndry floor is laid with casl- 
iron plates, provided with narrow-gauge tram grooves, in whi(*li two- 
wlu'eled trucks are run, transporting the flasks to their rcs]) 0 (d,ivo 
j)laces. 

In the foundry, and immediately beneath the cupolas A, shown 
at one side in the plan and vertical section of the wheel foundry, 
is jdacod a large ladle H, holding about 20,000 Ihs., and inounK d 
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oTi trunnipns. This ladle is operated by liydrauHc powf r, and 
is coinjdotoly under the control of the workman. Troughs C 
I'roni Die tapping holes of the cupolas, conduct the melted metal 
into it. It was found advisable to employ a ladle of so Lirge 
a caijacity, because, by doing so, a more complete inixturo of the 
(liflen^wt irons is etfected, than would be the case if a smaller vessel 
^\cjr employed. » 

d'lirro are two Mackenzie cupolas, A A, belonging to tliis de- 
]),irtiii(*]it.. They are rectangular in section, measuring 7 feet 
(i iiirhcs by feet 6 inches at the boshes, and 8 feet 6 inches by 
1 tbet () inches at the largest part ; the distance from the tuyeres 
to ili(‘ cbiirging level is !) feet 6 inches. The tuyeres form a 
cniil muons op(‘niiig H inches wide, and extend round the cupola 
id n of 8 inches above the Hour, when the Litter is ready 

cljargmg. No (lux is eni]>loyod in melting the charges, and no 
]»rovi>ion js made tor ta])piiig tin? slag. The average (]iLintity of 
metal iliat can ho run Irom each of these cupola«<, Ijofore th** 
tnye]*( becoim^ so clogged as'to impair tlio working, is (lojUOO \h<. 
li IS triK' tlr.it a I^ger quantity than this can be run otF in a 
MiiL^Ie heat, bnt it is found llial so large a charge does not jirodiict^ 
metal of a quality sullicieatly good to fulfil the requireuicnts for 
(MS I \\liet*ls. 

Ill oiii‘ (‘(U’lK^r of the cupola chamber is a sm ill furnaci' having 
a c;i]»:icitY of 20i)0 Ibs. d’liis is Used entirely for exj>eriineutal 
]i.i|M)ses, ior melting sample irons, and for trying the results of 
(lirreieiit mixtures -a very necessary process in wlie^ castings. 
^^iler^‘ marked di(rcrenct‘s exist in pig irons of the same brands. 

Tlie charging stage of the cupola is placed 15 feet 6 inches 
al.'OYi' the floor ]c\el, and is formed of iron plates. The charges 
are nii^u d to the stage by an hydraulic lift. The charging room 
is 1 I liet high, of the same size as the cupola house, and it is well 
hghied from above. 

TIh‘ core ovens are placed ^ the end of the core room, between 
the Litter and the foundry, and they are so arranged tint the cues 
(■;m he placed in the ovens from the core room and takt^i out ilin‘ct 
into llu‘ foundry, fio tliat the handling of the cores is reduce. 1 as 
f:ii ;is possibl(‘. The annealing reborn D,.shown in }»Lni and Mrtieul 
seeii.m, (‘ontains 41 pits, K E, arranged in one wing of the luiilding. 
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Tljoy arc disposed in two concentric circles, tlic outer ring conf^iiii- 
iiig 24 and the inner 20 pits. In the centre ie idaceJ a liytlraiilic 
(tianc, arranged like those in the foundry, and made to rt*volvc 
also by bydi-aulic power. The pits are cylindrical, and arc nuulo 
of sheet iron lined with firebrick Outside they aie surroundod 
with a bed of dry sand. Each pit has a capacity of twenly 
wheels. 

Adjoining the annealing chamber is the cleaning and insjx'ctin;: 
shop G, where the wheels are stripped of sand that may adlifac in 
them, the coreB are broken out, and the wheels are tested hy being 
struck with a hannnpr. The floor of the room is above the ground 
level, being raised to the average height of the freiglit-car 
forms for convenience of loading. The cleaning room is paved 
with oak blocks, laid with the grain on end. At one end ol lliis 
tl(‘partment is an hydraulic drop weighing 1200 Ihs., and luiving 
a lall of 13 feet. With this, wheels that have failed to pass llio 
test or which have been worn out in service, are broken up ju ioi 
to being reinelted in the cupola. * 

A tramway, 2-foot gauge, is laid down tMtoughout the Joundry 
and yards, for convenience of shifting materials. 

Tlie o[)erations are carried on in a mode almost identical with 
that practised in the works described at page 270. 

Idle foundry of Messrs. Howard, the cminoiit agricuUural 
implement makers of Bedford, is shown in Fig. 271. 'J’lu* nuun 
building is 2i)S feet long by 235 feet wide. Tlie roof is of ^\<M> I 
and iron, the principals having timber rafters trussed with iron. 
4'he whole is covered with white pantiles, machine made, and l’I s-. 
skylight tiles. A portion of the building is divided from ilio 
foundry proper by a wall, as shown in the plan and traiisvi is.; 
section. The space thus set apart is occupied by the sand st(*vt', 
into which the Sand is shot from the railway trucks tlirongh 
openings, the shutters of which flap down on the truck side, 
two core-drying stoves, the cup^ room, the engine room, llu; 
template stoic, a pat.t(3rn Hbm, a boiler house. Over tlieso 
run stores and the pattern-makers* shop. 

The arrangements for melting the iron first claim our attention. 
There are four cupolas, two of which stand at each side ni tlie 
entrance gate, as shown in the longitudinal section, 'riie upper 
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floor is intercepted to give room for the cupolas, the space being 
crossed by a light iron staging, nsed to supply coke and iron, ^\b\cll 
arc raised to the level of the charging floor by two small water- 
in »ists, precisely similar in principle to those used in connection with 
blast furnaces. Each consists of four columns acting as guides, 
bet w ecu wliich rise and iall two barrow stages, beneath each of 
wli iclfiri a tank, filled, when neces^ry, from a cistern or tank over- 
lirjid. 'riie descent of a stage follows on the filling of its tank with 
water, and in descending it draws up its fellow, by a chain passing- 
ovrr a pulley, the rapidity of descent being controlled by a simple 
brake. The water is discharged at the bottom, and drains away, 
to ’he again pura})ed u^. The distance from the ground to the 
eliajgiiiL: hole is about 15 feet. The cupolas are constructe-d on 
Ik laiiii's system. Two of the furnaces will melt between them 
‘Jo to tons per day. The metal molted for general casting 
consists lor the most part of about two-thirds pig, four sorts, and 
onc-lliird scrap. For plougbsliares, wliich are chilled, the iron 
iis(‘tl is \ery various and of the highest quality; none other will 
ta]o‘ tiio requisite chill and yet bt^ sufficiently strong. The entiie 
cujiol.i w’ork is done by ])iec*e-work, one man taking the breaking. 
Ha lting and serving out at a fixed price per ton. The cupolas are 
>np]dird with air by a fan. This fan is fi.xed overhead, near the 
palh'in slio]t. It runs at 350U revolutions per minute, and is 
ahiio>( noiselo.ss. The bearings of the shaft are of great length, 
and af(' of ca-st iron. 

'.riio iron is served out on large ladles, carried^ on trucks, 
jinining on niil.s laid to a 2-foot gauge, tmversing the entire 
foundry in evtuy rovjuired direction, the crossings being fitted with 
little turntables. The rule is, no moulder is to move from h’s 
]ilac(‘ for imdal. The lails are laid on cast-iron sleepers. The fan, 
lioi.sl pumps, and other machines, are driven by a double-cylinder 
liorizontal engine, mining at a high speed. 

A grc‘at deal of the moulding is done with moulding maidiiiu s. 
d’lu‘ j)attern stands up over a flat cast-iron table, a flask is put on 
tlu‘ table, parting sand sprinkled over the pattern, ami the flask 
jaiunu'd up with moulding sand; a handle is then turned uiuL'r 
tla* fable, and a po(*uliar screw arrangement is put in action, by 
w liicdi the pattern is drawn down from the flask, which is tlien n ady 
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to take its place above or below a similar flask, in wbicb the otbor 
half of the article to be cast has been similarly moulded, tho corc's, il 
any, being first put in. These cores are all made by special liaiids ; 
no moulder ever makes a core. The stoves are very complete ; one 
being heated from the waste gases from the boiler on their way to 
the chimney, the other by a coke fire in the floor. 

Fig. 272 shows the plan and elevation of a large foundry in tho 
north of England, which was specially arranged for heavy iimriiio 
engineering work. 

The pattern-makers’ shop and stores is about -48 feet by r>r; h'ot, 
built of biick, in three stories, the flooring being supported by iron 
columns, gates and loading doors being *|irovided to the ground 
and first floors. Fixed wood racks are provided in each lor llie 
l)atterns, and the whole is covered by a hip slated roof. 

^Jdie main foundry is a lofty building, about 140 feet long by 
71 feet wide, built in two bays upon brick end walls, wliich rise 
some 14 feet above ground, tho remainder of tL(' structure l)eing 
timber framed, and glazed and covered by a slated hip louvre loof ; 
massive timber-framed gauntries are arranged in each bay, giving 
a clear lifting height of 21 feet to the under side of the crane 
barrel, one of the gaunlries being continued into the outer yard (or 
a distance of 100 feet beyond tljc building. Tho circular uionJdiug 
pit is of brick, and is 18 feet in diameter; it was made specially for 
(iastiiig large screw pfopcllcrs. 

There is a smaller foundry, built entirely of brick; this is Oo feet 
by 04 feet, and is covered by a slated timber hip roof. It is also 
})rovided w^th a gauntry for overhead travelling cranes, and lias 
fixed benclics, the smaller mouldings being done here. The s])a( iou 3 
core shop and drying stoves are all fitted with well-mado iron 
sliding doors, and the latter with furnaces. ^1 ho premises throniili- 
oiit are lifted with gas and water pipings There is a siding from 
tho main lino for delivering goods into the yard and removing them 
from a timber loading stage, beneath which the stores for coal, 
coke, and sand are arranged. 
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Cost of Moulding and Casting. 

It is difTicnlt to lay down general niles on a suhjoct so niiicli 
o])eii to tlie modifications of circumstances and fluctuations of 
]>rices as tlie cost of moulding and casting. 

M»»ulding of the common articles of commerce and machinery in 
iron is generally paid for at a price per ton. Dry-sand moulding 
ivS paid higher than moulding in green sand, and loam mould- 
ing liiglu^r than cither of them. The moulding of brass, bronze 
or other metals, for monuments of art, is of such variety — and so 
diill ri'iit arc the expenses — that no standard price can he assigned 
to it. 

In the general management of a foundry nothing is of more 
iniportainte to its proprietor than an intelligent system of hook- 
Kcejiiiig, wliich, without being needlessly minute in detail, still may 
enable him to arrive with tolerable accuracy at the cost in materials, 
labour aud interest on plant, of everj^ important piece of work per- 
lonned on the premises. This system enables a founder to send in 
a lender for any special work with ease, rapidity, and almost perft*et 
salbiy, and is also useful as a check against waste of time and 
mati 'rials by the men. 

Ill ordinary foundry practice, with its various forms of castings, 
it \Yill l)c found that there exist cx,Ttain charges relative to tbo 
weight of the casting, which are either constant or Approximately 
so, according to wdiether the casting is produced by the fj’ecn-sand> 
dry-sand, or loam process,^ and it will now be the object of the 
writer io place a value on each of the various items of cost involved 
in th('. jiroductioii of costings, wuth due regard to the particular 
])rocess of moulding adopted. Such values, of course, can only 
re])]’(^‘'^'nt average practice, and it must tlierefore be left to tlu‘ 
vxjxu’iencetl foundry manager to suggest the necessary variations 
and exceptions to the general rules laid down. 

In making up these items of cost, the prices for the various 
materials referred to arc approximately those current for delivery 
at I'niiiidrios in (Jlasgow during the first quarter of iho yeur JiHlO, 
and it should he noticed that the prices are very high when conijian d 
witli those current for a considerable pcr.'ud previous to (bat dale 
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^J’licsc remarks apply more particularly to the prices paid for pig- 
iron, coke, and coal. 

Cost of Kemeltinq Pia on Scrap Iron. 

An important item of expense in the production of iron castings 
is due to the necessity for remelting the iron in a cupola ot other 
suitable type of furnace. Take, for example, a cupola working 
under good average conditions, the position of which relative to the 
foundry proper has been fully considered so as to avoid excessive 
handling of the metal, coke and other materials used in connection 
therewith, see page 116. The dimensions of this cupola to be such 
as will conveniently melt pigs or scrap iron to the necessary liquid 
state at the rate of six tons per hour when in full blast, with an 
average coke consumption equal to 3 cwt. per ton of iron iiudted, 
including the first or bottoming charge of coke. Under these 
assumed conditions the total cost of remelting — including the 
coke consumed, 5 per cent, loss of metal, maintenance of cupola, 
lime flux, manual labour for charging, steam for engine driving 
blowers, stores, and other sundry charges — is fairly represented 
by an overhead rate of loa. per ton of castings produced ; although 
this may be exceeded even to a considerable extent in many cases, 
such as for instance when the demand for liquid metal is very 
irregular, or the quantity required is much below the nielting 
capacity of the cupola in oi)eratiou. These and other more or less 
favourahle^circumstances must therefore be carefully considered in 
order to obhiin the best results. It is, Jiowever, the current price 
of coke (ut present SOs. per ton), and the quantity consumed p(T 
ton of iron melted, which chiefly affect the total cost of remelting 
pig and scrap iron : and the best results known to the writer are 
those stated in page 129. 

Cost of Moulders Blacking. 

^riie quantity of blacking required to protect the moulded fac-es 
of sand, for the production of good clean castings, being rather 
variable, an average of 28 pounds of dry blacking (wood or mineral) 
luis been fixed for our purpose here, as representing the amount 
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usoil i)(3r ton of Hastings, whether produced in green-sand, dry- sand, 
or loam moulds, so that for this element the cost depends on the 
qiiality oil blacking used, viz.: — 

2S lbs. of mineral blacking, at per Ion = ti’lfJ. per ton of castings. 

2S lbs. of wood „ , „ = lljd. „ „ 

28 lbs. of patent „ SOs. „ = 12d. „ „ 

• 

'ldi(;se figures show the importance of a proper selection of 
the quality of blacking to be used, with a due regard to the 
purpose lor which the casting is require® ; as indeed for some cast- 
ings ])ivdiiced in green-sand moulds, which are subsequently built 
up out. of sight, the use of blacking may almost be dispensed with, 
exc.rpt at certain critical points of the mould, as pointed out in 
jiages 2111) and 300. 


Cost op Coal Consumed in the Drying Process. 

In ordinary jobbing foundry practice, with drying stoves of the 
usual form, illustrated in Fig. 201, in which the coal is burnt on 
an opmi grate surface of considerable area, the weight of coal con- 
sumed is fairly estimated when taken equal to the weight of castings 
])rodiiced, either fiom dry-sand or loam moulds. In this estimate 
Wh) moulded structures are assumed of such dimensions that they 
air* requiicd to remain in the stoves over a period of two days and 
niglits in order to insure that they are thoroughly dried and ready 
for the casting process. m 

Tli(‘ consumption is, of course, a variable quantity, which will bo 
grfiatoz or less according to the relation existing between the weight 
of sand or loam and the weight of casting produced, but even under 
the most favourable conditions, in which the quantity of sand usetl 
is reduced to a minimum, and the form of stove specially arranged 
'to suit the partic.ular class of work, it will be found that the quantity 
of coal consumed is seldom less than one-fourib of the weight of 
easting, i e. 5 cwt. of coal per ton of castings produced, the thickness 
of iiieial in which varies from i to 1 inch. 

TIk^ quality of coal used in ordinary practice is known us 
tripiiig in the Lanarkshire districts, and costs 1 (>«. j.cr ton delivered 
in Glasgow at tho time rderred to in page 315. 
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For the larger sized stoves, in which the drying process is con- 
tiiiued throughout the night, it is usual to pick the lumps of coal 
in order that the rate of combustion he not too rapid, but njaiii- 
tained tliroughout the night without the attention of anyone, which 
otherwise would be necessary. 

Take for example an ordinary drying chamber or foundry stove, 
20 feet long, 12 feet broad, and 12 feet high, capable of Deceiving 
the various moulding box parts, cores, etc., to yield one ton of cast- 
ings : the grate for this ^ould be about 4 feet long and 2^ feet 
broad, equal to 10 square feet area, and on which can be built 
10 cwt. of coal in large pieces. The method adopted in building 
these lumps depends on the rate of combustion desired ; for a quiclc 
burning fire the pieces of coal are arranged so that the surfaces of 
cleavage are vertical, and for slow rates of combustion the cleavages 
laces are arranged horizontally. By observing these details, along 
with the proper spacing of the lire bars and adjustment of tlie fire- 
door, the process of combustion can be regulated, if desired, so that 
it is maintained throughout the night as already stated. 

When foundry stoves are of the above dimensions tlie various 
])icccs of moulds, cores, etc., to be dried are preferably built up and 
suitably arranged on one large (or two correspondingly smaller) 
Logic carriages, made up of cast-iron framing and idates, each 
mounted on four cast-iron flanged wheels, about 24 iuchea dia- 
meter, to run on rails of malleable or cast-iron, and in some sjieclal 
cases on cast-iron floor-plates, held together by means of lugs and 
corresponding spaces, which dovetail into each other. Tliese rails 
or floor-plates should extend sufficiently outwards along the foundry 
floor, BO that the various pieces of moulds built on the cariiiigeiuay 
he brought within the range of a crane, or other suitable lilliiig 
gear, in order to facilitate the handling of heavy pieces, 

CosT^OF Moulding Sand and Loam. 

In the construction of green-sand moulds the major portion of 
the materials consist of sand which has been previously used, and 
lias become black by the constant addition of coal-dust, blacking 
and repeated handling (see page 289). This black sand, which 
constitutes the sand bed or floor of foundry, is always plentiful, 
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io the qiRintity of new rock sand added daily in the form of 
facing sand. So much is this the case, that the levtd of the foundry 
floor woijd rise soon to an inconvenient extent hut for the daily 
removal of an equivalent quantity which adheres to the castings 
on tlie outside and inside, to be afterwards cleaned ofl‘ by the 
dressers. 

r>l*ick floor sand has, therefore, no intrinsic value as such, it 
having been already paid for when introduced into the foundry as 
ne\v l ock sand in the composition of facing sand. The portion of 
sand referred to as adhering to the castings produced, being con- 
siderably scorched, is of little use except for making up first coating 
black loam, and that portion not so utilised has to be carted away 
as rubbish. The cost of carting is therefore a source of expense, 
and should be charged against the cost of materials at the rate of 
say Ls. od. per ton. 

FAiJiNG Rand fob Greensand Moulds. (GomposUioii 1, page 2D0.) 


£ d. 

10 tons blfick floor sand ,, nil, 

ry t(tTis new rru'lc sand at Ss. per ton.. .. .. .. 2 0 0 

1 ion coal <liibt at 2U 1 1 0 


10 tons iiiniiig sand 3 10 


J’duck sand carted away, say 5 tons, at Is. 3d. per ton 0 6 3 

3 7 3 

I e. materials only 0 4 2^ per ton nett 

Oost t)f Itboiuj, mixing and riddling, sec pp. 000, 301 0 2 0^ ^ „ „ 

l.c, nett cost of facing sand No. 1, page 290 ,. .. 0 6 8| „ „ 

• Say 0 6 9 „ „ 


Dry-Sand Moulding Mixtures. 

Iho sand used for filling np the dry-sand moulding boxes 
(after th(i pattern has been covered to a sufficient tliickncss 
facing sand) is the sand previously used, and now constitutes tlie 
floor of the dry-sand portion of the foundry, and, for the sani(' 
reasons as stated for black floor sand used in green-sand moulds, it 
has 110 intrinsic value as such, and would accumulate, owing to the 
daily addition of facing sand, but for the constant removal of a 



702 


FOUNDING AND CASTING. 


ca rtfiin amount wliicli adheres to the castings prod need ; tliis excess, 
and from dry-sand boxes, is used for the production of loam, and 
is seldom carted away as rubbish like the excess of blade floor sand 
referred to. ' 


Facing Sand for Dry Sand Moulds. 


£ 8 . d, 

1 ton floor pand (dry sand sliop) nil. 

1 ton dried loam powdered down, at Ss. per ton .• 0 8 0 

2 tons now rock sand, at 7«. 6(Z. per ton 0 15 0 


4 tons facing sand .. = 1 8 0 


I.e. materials only 0 5 0 per ton nett 

Cost of laliour, mixing and riddling .. .. .. .. 0 2 0 „ „ 

I.e. nett cost of facing sand mixture (dry sand) 0 8 3 „ „ 


Ray 0 8 0 „ „ 

Dry Sand Gore Mixture. 

£ 8. d. 

1 ton now rock sand, at 78. 6rZ. per ton 0 7 6 

1 ton floor sand (dry siind) .. nil. 

2 tons core sand .. =070 

I.o. materials only .. 0 3 !> per Ion nett 

Cost of labour, mixing and riddling ..,.. 0 2 0 „ „ 

I.o. nett cost of dry sand core mixture 0 0 3 „ „ 

Say 0 6 0 „ „ 


Cost of Loam Mixtures. 

Black Loam for' First Coating. (Sec Composition, page 205.) 

£ 8 . (I, 

18 tons black floor sand (dry sand mixture preferred) nil. 

4 tons good clay, free from sand, at 38. Gd. ptT ton 0 14 0 

6 tons carted away, after being used, at l8. 3d. |K?r ton 0 7 0 

28 tons black loam matciials = 1 1 0 

1.0. materials only .• .. * 0 0 11^ |K'r i/m mtti 

Cost of labour, etc., grinding and mixing in pun mill 

(seo page 30G) .. 030 „ „ 

1.0. nett cost of black loam (see page 295) 0 3 11} „ 

Sny 0 4 0 „ 
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Skcomi Coat, or Finisiiinr Loam. (See Composition, pa^^c 21)1;.) 

£ s. d, 

10 tons line sharp sBiid, at 3.9. (i<I. iH‘r ton 115 0 

4 toiiif coarse sharp Band, at Ss. Gd. per ton .. .. 0 14 0 

3 Ions ;;ood clay, free from sand, at 3k. 6d. per ton .. 0 10 6 

5 tons carted away, after being used, at Ik. 3d ' 0 , G 3 

22 tons second coat loam .. .. =359 

I.f\ TnHterial.s only 0 3 lOJ per ton nott 

Co.st of laijour, etc., grinding and mixing in pan mill 0 3 0 „ 

I.e. nett cost of second coat or finishing loam .. .. 0 G lOJ „ „ 

Sny 0 7 0 „ „ 


Loam DIould Structures, consisting of Brick and Loam, 
when the latter is in the following proportions : — 

£ K. d. 

1 ton of black rougtiing loam, at 4s. per ton .. .. 0 4 0 

4 tons soft red huilding brick, at 8s. per ton .. .. 1 12 G 

2| tons carted away, after being used, at Is. 3d. per ton 0 3 1 } 


74 tons of brick and loam = 110 IJ 

I.e. nott coaUpfl )rick and loam stmetnrea .. •« 0 7 9^ per ton nett 


Say 0 8 0 


Ilavili" in the foregoing obtained values for the various material.^ 
used in the construction of moulds, by either of the three different 
processes generally adopted, it now becomes necessary to investigate 
what relations exist between the weight of a casting and the weight 
of the materials used, in order to obtain a rate to be charged per 
ton of castings which will cover the cost of the structural materials 
requiijed to produce it. To lay down a fixed charge, however, does 
not meet the case, on account of the extremely varied character of 
the work. It is, however, quite reasonable to lix a ratio which will 
rci^reseut the average proportions existing between the weight of 
sand or other structural materials referred to, and the weight of 
casting produced. In this we have a basis from which it will )0 
easy to make a sufficiently close estimate even with such variations 
as occur from time tc time in ordinary foundry practice. 

If we examine an ordinary example it will be found that tlio 
weight of sand used to form the mould is, roughly speaking, about 
one-and-a-half times the weight of casting produced ; and, by 
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fidopting this, we find the average cost of moulding sand, etc., per 


ton of casting produced as follows : — 

£ s. d. 

20 cwt. of blark floor saud 

4 cwt. of faein}^ Hantl, at Os. Qd, por ton 0 1 

l.e, nett cost of sand in a groensand mould, per ton of cast- 
ings produced 0 1 4} 


Say 0 1 (i 


Extra for special examples requiring the use of cast or malle- 
able iron hangers, wood strips, etc., for binding and siij)- 
pf)rtiDg hanging sand. 2 cwt. of metal hangers, at Is. Gd., 

to cover breakages, etc .. .. 030 

Wood strips to strengthen the extra deep portions of hanging 

sand ready to break off 0 2 0 

l.e. nett cost of sand and binders included, per ton of cast- 
ings of a more difficult kind .. 0 0 0 


In dry-sand moulding the ratio between the weight of sand and 
tho weight of casting produced may bo taken the same as I'or 


green-sand average practice, so that for dry-sand mould tho cost of 
sand, etc., is obtained as follows : — 

£ s. d. 

26 owt. of fllliug-up sand Ihl 

4 cwt. of facing sand at lOs. Gd. per ton .. .. .. 0 2 1^ 

I.e. nett cost per ton of castings for sand in dry-sand 
moulding 0 2 f kt ton 


Say 0 2 3 „ 

Extra for special examples requiring the use of mc^al 
hangers for supporting deep portions of sand mould. 

Bay 3 cwt. of core irons, hangers, sprigs, etc., at 28. 6d. , 0 7 6 
I.e. nett cost of sand, hangers, core irons, sprigs, etc., 
complete for special examples 0 9 9 pci ton 


Loam mould structures, including metal plates, irons, 


etc*., as follows : — 

40 cwt. black loam and snfr rod brick at Ss. per ton .. 0 16 .3 

5 cwt. finishing loam at 78. pe|,lon 0 1 9 


30 cwt. cast-iron building rings, top and bottom plates, 
etc., at 158. por ton (cost of rcmelting, etc.) .. .. 12 6 

I.c. nett cost of loam and iron structures per ton of 

castings produced 2 0 .3 por (on 

Special loam mould structures require sometimes as 
much ns throe times the weight of casting produced 
in tho form of core irons, plates, building rings, etc., 
that is 30 cwt. extra at 158. per ton for rcmelting etc. 12 6 
I.e. the nett cost of brick, loam, core irons, plntcs, etc., 
per ton of castings produced in special examples of 
loiiiu moulding .. 


3 2 9 poT toil 
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Table XXXIV. (page 706) is an abstract of the various items 
of cost obiaiiied in the foregoing, showing the probable dilfereiices 
in the nett ^*Dst of castings, according to whether they are produced 
by tli(? green-sand, dry-sand, or loam moulding process, and further, 
in order to take into account such differences as occur between tlie 
limits of ordinary and special work, the moulding processes are here 
claasifiecl under six different heads, and the different charges named 
under each arc stated at a rate per ton of castings produced as 
ropresenting ordinary jobbing foundry practice. 

In addition to the probable nett costs of materials and wages 
here estimated, the various on-cost charges, including general 
manfjgcmcmt, counting-house staff, foremen, plant, buildings, and 
sundry other smaller items, still remain to be estimated and assessed in 
or< ler that each casting may be saddled with its due proportion of these 
expenses. For this purpose let us assume a certain size of ioundry : 
for examjde, a well-equipped jobbing foundry, capable of producing 
all kinds of iron castings required for general and marine engineer- 
ing practice, including single castings weighin|(|Dp to 30 tons, and 
in which the average production by the three standard moulding pro- 
cesses combined may he taken at seven tons per day, for five days 
])er ^veek, and forty-eight weeks in the year — the odd days being 
discounted for holidays and sundry bad castings throughout the 
y(‘ar. 

Therefore the total output of good castings in one year 
= 7 X 5 X 48 = 1680 tons. 

Assuming, also, that this total weight of castings is made up of 
equal (juantities from each of the six different grades of moulding 
classified in page 706, we obtain the average nett cost as follows : — 

Aversive nett cost of cnstiiif^s, tnateriuls and wages 

JL 8. d. £ 8. (L £ 8. d. £ 8. d. £ $. d. £ • d, 

• _5 r> 0 +9 0 0 + 0 0 0+ 12 10 0 + 0 2 (>-V-16 0 0 

6 ' " ■ 

£ #. d, 

'=9 12 11 per ton, say 9 12 6. 

1’hert‘fure the total nett outlay lor good castings in on© year 
= 1680 X 91. 128. Gd. = 16,170Z. 

In relation to this ascertained nett cost, the following per- 

2 z 
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OX-COST CHARGES. 707 

ccntages, it will be readily observed, are fairly representative of tbo 
various annual charges to be added under ordinary conditions. 

Siilaries. — Cj *neral msinagernent, countiog-house staff, three fore- 
men (green -sand, dry-sand and loam), time-keeper, gate- 
II inn and sundry wages 9 per cent. 

CapHtd . — Cost of land, foundry buildings, plant, including cupo- 
las^ ciancs, boilers, pan mills, moulding boxes, and all 
otln-r appliances required to liondle etlicieutly castings up 
to SO tons weight. The total value of which is here 
as>^uinrd eijiial to the foregoing ascertained total Tielt cost 


nr annual outlay 5 „ 

Snmlrif ( har(jo». — Including steam coal, furnaeeinen’s wages, 

gas, wtihT, f'ils, waste, hiin])B, shovels, etc 3J „ 

Looses — Owing to occasional bad castings, etc 2J „ 

That is the tntal .rate per cent, to Ijo added to the already 
ascertained nett cost which will cover these last men- 
tioned charges =20 „ 


And io obtain the total nett cost, which shall include all 
chargcri, we must add this 20 per cent, as follows : — 



Although it is the usual practice to add these charges at some 
fixed rate per cent., as indicated, the method does not always meet 
the case correctly, on account of the variations in nett cost of 
materials and wages, while the total on-cost may remain practically 
the same. It may therefore he considered more correct to estimate 

2 z 2 
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these charges with reference to the weight of the casting prodncecl, 
because the total weight or annual production is less liable to such 
iluctuations, and therefore a comparatively uniform basis. ^Jlic 
following rates per ton have therefore been estimated as representing 
the various charges on the basis referred to, the sum of which 
must be added to the already estimated nett costs in order to obtain 
the total nett cost which will include all charges. 


Salaries as already detailed ICi;. ix r ton 

Capital .. Oft. „ 

Sundry charges iU „ 

Tjosses Ift. „ 


i.o. the average rate per ton of casting rctuiin d tt» cover 
tlie chal^gcB referred to 


t* 


By the latter method it should be observed that tlie rale of 
35s. per ton is to be added to the cost irrespective of tlie particular 
method or process of moulding adopted, so that for two castings of 
equal weight from green-sand and loam moulds respectively, the 
charge made on account of on-costs, etc., detailed is the same for 
either. 

This method is therefore obviously unsuitable for jobbing 
foundry purpo^^cs, in which the major portion of the total outlay 
for plant, buildings, drying stoves, salaries and sundry charges, 
referred to, is on account of the dry-sand and loam moulding pro- 
cesses, and especially so for the latter. Generally speaking, a 
universal charge per ton of castings is applicable only when the 
castings*^ produced are of the repeat order and by a somewhat 
similar moulding process throughout. 

The method of adding for on-costs at a rate per cent., as detailed 
in page 707, must therefore be considered the more accurate for 
jobbing foundry practice indicated in pages 705 and 70(5, with due 
regard to the current prices for materials, wages, etc., as these 
may vary considerably within comparatively short periods. 

In the foregoing details the cost of patterns has not been 
included because of the almost universal practice of engineers 
to supply these. But even if the patterns were to be made by the 
founder, and therefore charged as foundry work, any attem[)t to 
obtain an average rate to cover the cost of patterns must fail, 
I'ccause in some instances the casting required is for a special 
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purpose, and tLe pattern not likely to be again used, whereas in 
other cases the pattern may be required again and again until it is 
worn out and unfit for use ; between these limits two, three, four 
or more castings may be required from the same pattern. In 
each case, therefore, the correct charge for pattern making, if 
made in terms of the weight of the castings, will depend on 
the nuTiiter of castings produced from the same pattern. 

In order, however, to give some idea of the cost when different 
forms of patterns are used, the following figures have been adopted 
as representing the cost of a pattern relative to the weight of the 
first casting produced from it. So that, when more than one cast- 
ing is reejuired, the price for pattern making per ton of castings 
may he reduced accordingly. 

_ Neit cost, time and 

DesCUIPTION. marrnal per cwt. 


uf casting. 

Wood paUtjms smd core boxes complete, when an entire 
model is made, such as for standard steam engines, with 
cylinders up to 18 inches diameter and 30 inches stroke, 
i.c. ]Kittciii (nr steam cylinder, sole-p^to, brasses, 
cfivcrs, etc., well finished 20«. to 25§. 

Wood patterns consisting of skeleton framings, loam boards, 
sundry branches, brackets, and other projections to bo 
cast on the main body .. .. 10a. to 20a. 

Wood ])attcrns for sundry detach ed brackets, standards, stays, 

and other siinilar simple forma of castings 5s, to 10a. 

Wood t(Mnj)hites and oilier simple skeleton frames chiefly 

used ill the grweu-sHTnl pnxioss la. to 5$. 

Various. — Stueco, iron, and other special forma of patterns 
must be considered separately and in relation to their 
particular i equipment. ri 


Thet^ prices for patterns represent the range of nett cost for 
the lighter class of engine and machinery castings, ranging from 
one up to thirty hundredweights each ; for castings heavier than 
this the rate to cover the nett cost of patterns becomes less, so that 
for the heavier class of work, including marine of other such 
castings up to twenty tons and even higher, the cost of the 
patterns, which are usually more or less of the skeleton framing 
class, with special core boxes, loam boards, etc., when reduced to a 
rate per ton (weight of one casting) becomes as low as one half that 
indicated in the foregoing, and sometimes oven less. It is, however, 
bejoud our scope here to do more than give a general idea such 
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as that obtained from the figures stated. Patterns made partly 
or entirely of stucco, cast-iron and other materials are adopted, 
according to the particular kind of work, also the number of repeat 
castings required. Such patterns are often very expensive, more 
especially if required for plate moulding or for some special type of 
moulding machine, and any attempt to generalise the cost of these 
would be useless owing to the great variation in the amount of 
labour spent in the course of their production. 

Although we have in the foregoing formulated something in 
the nature of a system or series of constant charges, wliich will be 
of service to the founder for estimating purposes, these can only 
be taken as representing the various items of cost incurred under 
average conditions, it must therelfore always remain for the ex- 
perienced foundry manager to suggest such modifications as ho may 
• consider necessary to cover the difiercnce of cost in special cases. 
As the working conditions in every foundry are somewhat diflerent, 
it will always be advisable for lhos3 whose special interest it is 
to verify the figures here laid down, and if need be to make such 
alterations as will produce other modified constants more a})plicablc 
under the particular conditions suggested. 

As already pointed out, the prices referred to have a distinct 
relation to the current prices paid early in the year 1900 for the 
various materials mentioned, and aL-o to the current rate of wages 
paid to moulders, viz. l^d. to dd. per hour (loam moulders being 
usually the highest paid class). It will therefore be noot'ssary, 
w'hen usi/ig these various constants, to give due consideration to 
such variations or fliictiiations as occur from time to time. 1'his 
advice applies more particularly to the prices paid for coal, coke 
and pig iron, the of which demands the strictest attention on 
account of the constant changes and extreme limits to which the 
prices for these may rise or fall — owing; it may he, to speculation ; 
the publication of statistics regarding the state of the iron trades, and 
the rate of production or variations in the stocks of pig iron relative 
thereto ; threatened international difficulties tending to war ; foreign 
competition ; and many incidental causes impossible to mention. 

Having obtained the probable total nett cost of castings generally, 
covering all charges, as detailed in page 707, all that remains for 
consideration now is the amount or rate per cent, to be added, so 
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tliat the business may be carried on with a reasonable profit, and 
the accumulation of those sums which are always desirable, and even 
necessary^ as a reserve fund for emergencies, including periods of 
bad trade. (Generally speaking, the prices quoted must be dictated 
by careful observations from time to time regarding the current 
market values, which will rise and fall, more or less, according to 
tlie refdtions existing between those two most important factors 
“ supply and “ detnand,” always having a due regard to risks and 
terms of payment, cost of cartage, or other means of conveyance 
by land and water, and any other charges to be ascertained and 
duly assoss(‘d, when such items are specified to be included. 

It should be pointed out, however, that during periods of depres- 
sion in trade, it may be found more profitable to maintain the works 
as nearly as possible in full operation at prices even less than the 
ascertained total nett cost, as compared with a certain dispropor- 
tionate reduction in the amount of work obtained at so-called better 
prices. There is, of course, a limit to the practice of reducing 
prices as indicated, and this is reached (unless for some other special 
reason) when the prices obtainable are less in the average than 
the nett outlay or cost of materials and wages involved throughout 
the moulding and casting process. When prices fall below this, the 
amount of work taken in hand should not exceed that considered 
necessary to maintain the works in such order that it will he possible 
to proceed at full strength, without delay, when obtainable prices rise 
again above that represented by the nett cost referred to, because now 
the increased price not only covers the nett cost of addition.^1 materials 
and lal)our required, but also leaves a balance (be it ever so small) 
which goes to diminish the loss otherwise incurred on account of 
the various on-cost, including interest on capital, staff salaries, and 
othcT sundry expenses which cannot be conveniently reduced, and 
have therefore usually to%e maintained throughout these unprofit- 
•able periods. 

When the metals in use are costly, such as copper, tin, etc., it 
IS of the utmost importance to guard against waste, and other less 
excusable sources of loss. 

The storekeeper should be provided with hooks, in which he 
should be required to enter all the goods received into store, and 
he should also be instructed to weigh and examine these goods at 
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the period of delivery, and to see that they are coiTCctJy described 
on the invoice sent with them. 

It should be his duty to dispose of these stores in such a manne r 
tlmt they can be easily and quickly got at, and every convenience 
should be allowed him for this purpose, a good weighin;:^ iua(!hiiie 
being especially provided. Unless attention is paid to these points, 
the storekeeper’s door will become the lounging place of lazy work- 
men, with the excuse of being kept waiting for metal or stores. 

When the storekeeper delivers out metal, or other stock, he 
should enter the same in a book kept for the purpose, giving tlio 
date and quantity issued, and to whom. On the opposite side of th(‘ 
book he should enter the weight of metal returned in the sha])e of 
finished castings, with a column for loss in working. 

In some instances it will he found possible thus to arrive at tiie 
actual metal issued and returned lor a particular casting, but sucli 
a degree of accuracy cannot often be attained except in the case of 
very large castings, as some of the metal is generally left over, or 
used for some other work 

At certain definite periods these books should be balanced as 
to goods received into store, goods issued by storekeeper, and goods 
now in stock. Goods issued by storekeeper, and castings produced, 
with the loss in working, should also agree approximately. 

The proportion of different metals used in the castings should 
also bo recorded. 

In addition to the stores above mentioned, there arc many other 
ilems whiqh are not so easily apportioned, or checked. Care is 
necessary to prevent these articles being uted wastei'ully, and at iho 
time for balancing the books the cost of such materials must bo 
divided amongst the several items. 
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.t ALLOYS. 

All alloys, without exception, are far more fusible than the 
8up(‘rior metal of which they are composed, as the most refractory 
meials are easily fused when alloyed with one or more of the softer 
metals. Thus platinum, which is scarcely fusible at all, readily 
combines with any of the inferior metals, zinc, arsenic, tin, and 
some others. Again, several of the easily fusible alloys melt below 
the boiling point of water, which is less than half the melting hetit 
of tin, their most fusible ingredient. 

The melting and mixing of thJIeveral metals is a point which 
is far from being reduced to anything like a system in many brass- 
Ibiiiiding establishments, and practical men are often at a loss as to 
tbe proper means for securing a definite and uniform alloy. As a 
general rule, it is necessary to melt the less fusible metal first, and 
to add the more fusible afUrwards. Founders generally are of 
opinion, that if the metal of the first melting is run out into a bar, 
and then remclted, a more complete incorporation is obtained. 
Where a great dilTereiice exists in the specific gravity of the com- 
ponent metals, it is necessary to observe certain fixed rules, m order 
to obtain a perfectly homogeneous mixture. Each m^tal tends to 
assume its own particular level in the liquid compound, according 
to ifs d(^nsity ; therefore, if the casting is of considerable size, and 
requires a long time to cool, a partial separation will often take 
place, the lightest rising towards the surface. In casting large 
pieces, composed of copper alloys, the lower portion of the casting is 
apt to contain too much copper, whilst a corresponding excess of 
tin is found near the upper extremity. To remedy this objection 
requires a dexterous manipulation of the liquid metal, previous to 
casting, so that at the instant of pouring the alloy may be as 
nearly homogeneous as possible. 

The use of tbe compound termed temper^ HI parts copper to 

tin, is to assist in the mixing of metals of dillerciit qualities. 
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In the composition of pewter, the minute quantity of copper re- 
quired would, perhaps, never combine properly with the tin ; but 
if, instead of abiding the two metals in the requisite proportions at 
first, the copper is first melted alone with two or three times its 
weight of tin, so as to form temper latter may be added in the 
requisite quantity to the tin or pewter, and a complete combination 
is effected. In alloys of zinc, this metal is extremely liable to waste, 
from its oxidisable and volatile nature ; to avoid this, a number of 
schemes have been adopted, with various degrees of success. 

The following table gives the proportions of the more common 
commercial alloys ; while the detailed receipts are of mixtur(*s 
stated by various authorities to have been used with success. 

Table XXXV.— COMMERCIAL ALLOYS. 


— 

Tin 

-A 

Copper 

Zinc 

Antimony 

1 iPiid 

Tiihnnitli 

BraHB, enpine bfariiipfs .. 


if 

112 

i 

— 

— 



'J’ouKh brass, ongiiie work 

.. 

15 

100 

15 

— 

— 

— 

„ for heavy bearings 

25 

160 

5 

— 

— 

— 

Ye llow brass for turning .. 

• • 

— 

2 

1 

— 

— 

— 

Flnnges to ^tiind brazing.. 

• • 

— 

:J2 

1 

— 

1 

— 

JWll metal 


5 

16 

— 

— 



— 

l^nhbilt’s motnl 


10 

1 

— 

1 

— 

— 

Brass, for loooniotive benriogs 

7 

CKH 

1 

— 

— 

— 

„ for strops and glands 


16 

IHO 

1 

— 

— 

— 

Miinfcz*f( shealliing 


__ 

6 








Metal to expand in ( (wUiig 


— 



2 

9 

1 

Pfwter 

• • 

100 

— 

— 

17 

— 

— 

Spelter 

• • 

— 

1 

1 

— 

— 

— 

Stilt iinry bronze 


2 

90 

5 

— 

2 

— 

Typo metal from .. .. 


— 

— 

— 

J 

:s 

— 

* * * * 

riiiinb(*rs’ settled solder ,, 


1 



1 

7 

2 



,, fine „ •• 


2 

““ 

— 


1 

1 



Table XXXVI.— SOLDERS AND THEIR MEI/FING POINTS. 


No. 

'J’ln 

Lt'iid 

D(‘g. Ftthr. 

No. 

Tin 

Lcud 

Bismuth 

Deg. Kaiir. 

1 

1 

25 

558 
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r»y the addition of 3 parts of mercury to No. 18 of the Table 
XXXVI. it melts at 122° F. 

Tin, and copper are liable to separation during the cooling; 
this can bt3 partly pjeveiited by repeatedly turning and shifting the 
mould which contains the fluid alloy, until it has set. 

To prevcmt airholes in copper casting, they should be 
iu()ul?l(-d ill green-sand moulds, using as a flux IJ lbs. of zinc to 
evej y 100 lbs. of copper. Pure copper will not cast without honey- 
combing. 

Copper and lead unite only to a certain extent. 

In ordinary pot metal, 3 lead to 8 of copper, the lead may be 
retained, provided the object to be cast is not too thick. 

AVlien the cast is heavy, or much lead is used, it is pressed out 
by the copper, and exudes in cooling. 

Two of copper to 1 of lead, separates lead in cooling, the lead 
oozes through the copper ; whilst any excess of copper beyond 8 of 
copper to 1 of lead renders tlie alloy very brittle ; consequently the 
range is limited between 2 to 1 and 8 to 1. These alloys are 
all brittle when heated. 

Copper and silver in equal parts, with 2 per cent, of arsenic, 
form an alloy similar to silver, with the exception of being a l-ttle 
harder, although of almost equal tenacity and malleability. 

Antimony imparts a beautiful red colour to copper, varying 
from a rose red where much antimony is added, to a crimson or 
violet tinge with smaller quantities of antimony. 

Yellow Brass. — Zinc 30 parts and copper 70 in ^all pieces. 

Yellov) Brass for Turning, — Copper 20 lbs., zinc 10 lbs., lead 
from 1 to 5 oz. Tut in the lead last before pouring off*. 

Bed Brass for Turning. — Copper 24 lbs., zinc h lbs., lead 8 oz. 
Vni in the lead last before pouring off. Or, copper 32 lbs., zinc 
10 lbs., lead 1 lb. 

Jted Brass to Turn Freely, — Copper 160 lbs., zinc 50 lbs., 
lead 10 lbs., antimony 44 oz. 

Best Bed Brass for Fine Castings, — Copper 24 lbs., zinc 5 lbs., 
bismuth 1 oz. Put in the bismuth last before pouring off. 

Boiled Brass. — Copper 32 parts, zinc 10, tin 1'5. 

Common Brass for Castings. — Copper 20 parts, zinc 1’25, 
tin 2*5. 



FOUNDING AND CASTING. 


7I() 


Hard Brass for Casting, — Copper 2r) parts, zinc 2, tin 4 “5. 

Bell Metal, — Fine : copper 71 parts, tin 26, zinc 2, iron 1. 1' or 
largo bells : copper 100 lbs., tin 20 to 25 lbs. For smal,! bells : 
copper 3 lbs., tin 1 lb. 

For Clock Bells, — Copper 72*00 parts, tin*26*56, iron 1*41. 

For Journal Bgxes, — Copper 24 lbs., tin 24 lbs., antimony 
8 ll)s. Melt the copper first, then add the tin, and lastly the 
antimony. It should first be run into ingots, then melted, and 
cast in the renuired form. Copper 10 lbs., tin 1 lb., zinc 10 oz., 
is another mixture. 

Queens Metal, — Tin 100 lbs., regulus of antimony 8, bismuth 1, 
copper 4 

Chinese /Si/ver.— Copper 65*24 parts, zinc 19*52, nickel 13, 
silver 2 * 5, and cobalt of iron 0 * 12. 

Hard White Metal, — Grain copper 3 lbs., tin 90 lbs , antimony 
70 lbs. 

Metal for Taking Impressions, — Lead 3 lbs., tin 2 lbs., bismuth 
5 lbs. 

Gun Metal. — Copper 80 to 83 parts, tin 20 to 17. 

Ilivet Metal. — Copper 32 oz., tin 2 oz., zinc 1 oz. 

Rivet Metal for IJosCy Belting^ etc, — Copper 64 lbs., tin 1 lb. 

Bullet Metal. — Lead 98 parts, arsenic 2. 

AluminiumMetal, — CopperlOO parts, aluminium 10, by weight, 
form a durable alloy, which may be forged and worked in the same 
manner as copper ; it is of a pale golden colour. 

Useful .^lloy for Bearings, — Antimony 10 parts, copper 5, 
tin 5. 

For Cgmhals and Oongs, — Copper 100 parts, tin 25. It is 
slated that to give this alloy a high degree of sonorous power, the 
jilece should be ignited after it is cast, and then be immediately 
])luiigcd into cold water ; but these directions, like many others 
which accAunpany receipts for alloys, are unfortunately very vague. 

For Tam-Tams, or Gongs. — (1) Copper 80 parts, tin 20 ; 
luiiinner it out, with frequent annealing. (2) Copper 78 parts, 
tin 22, rolled out. 

Bath Metal. — Urass 32 parts, and 9 zinc. 

Cock Metal, — Copper 20 lbs., lead 8 lbs., litharge 1 oz., antimony 
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Tap.le XXXVII.— white MICTALS. 
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Beflector metal 


The last two alloys are used for coating the inside of gLiss 
globes, and many other similar toys. A little of the met.il is 
j)oured into the globe or otlier vessel, which, being turned about, 
receives a thin film of a brilliant silvery appearance, the excess of 
metal being poured back into the ladle. 

Tin foil should be of piiro tin, but it is nearly always alloyed 
willi lead, or with lead and zinc. It may be prepared either by 
haniincring or rolling, but is more generally cast upon an inclined 
framework covered with canvas. 

Expansive MetaL — Lead 9 parts, antimony 2, bismuth 1. 
This alloy expands on cooling, and is used for filling small holes 
or defects in castings. 

Gold Coin of Great Britain . — Pure gold 1 1 parts, copper 1. 

Mannheim Gold . — Copper 3 parts, zinc 1, with a little tin. 

British Standard Measures^ Metal for . — Copper 57 G parts, tin 
59, and brass 48. ^ 

Hard Alloy, resemhling Silver . — Iron 1 part, cobalt 1, and 
nickel 1, fused together. 

Silver Coin of Great Britain. — Pure silver 11 "1 parts, 
copper *9. 

Lining Metal for Boxes of Bailvmj Cars . — Tin 24 lbs., 
coppir 4 lbs., antimony 8 lbs. ; mix these, and afterwards add and 
mix 72 lbs. tin. ^ 

Bronze Metal. --{1) Copper 7 lbs., zinc 3 lbs., tin 2 lbs. 
(2) Copper 1 lb., zinc 12 lbs., tin 8 lbs. 

Bronze for Gilding . — This should be fusible at a low tempera- 
ture. compact, and close grained. Copper 82 * 25 pai*ts, zinc 17 • 50, 
arid tin • 25, is said to take gilt well. 
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Blanched Copper, — Fuse 8 o/. of cop) er and ^ oz. of neutral 
arsenical salt, with a flux made of calcined borax, charcoal dust and 
powder(*(l glass. . 

White Metal, — Tin 82 parts, lead 18, antimony 5, zinc 1, and 
copper 4. 

Statuary Metal,— {!) Copper 91:4 parts, zinc 5*53, tin 1-7, 
lead 1 -37. (2) Copper 80 parts, tin 20. 

For Medals,-- Copper 50 parts, zinc 4. (2) Copper 92 
parts, tin 8, with a small quantity of brass. 

Or-molu, — The or-molu of the brass-foiftider, which is an imi- 
tation of red gold, is extensively used in ornaiiieiiting iionwork, as 
well as in many other bmnehes of artistic trade. It is composed 
of more copper and less zinc than ordinary brass ; it is readily 
cleaned by acid, and can be easily burnished. To make it more 
brilliant it can be brightened up, after “ dipping,” by means of a 
scratch -brush. To protect it from tarnish it should be lacquered . 

For Tinning, — Malleable iron 1 lb. ; heat to whiteness, add 
5 oz. regulus of antimony, and Molucca tin 24 lbs. 

Cold Tinning, — Mix tin and mercury until soft and friable ; 
clean the article with spirits of salt, and whilst moist rub on the 
above amalgam, and after the metal is tinned evaporate the mer- 
cury by heat. This receipt must not be used for any culinary vessel. 

Cold Silvering, — Chloride of silver 1 part, pearlash 3, common 
salt 14 , whitening 1. Clean the metal with soft leather or cork, 
moisten the metal with clean watiT, and rub on the mixture. 
After the mc^*al is silvered, wash it in slightly alkaline hot water. 

Speculum Metals, — Equal parts of tin and copper form a white 
metal us hard as steel. Less tin, with a small quantity of arslTiic 
added to the alloy, form a hard white metal, having a brilliant 
lustre. Coj)per 2 lbs., tin 1 lb., arsenic 1 oz., is a good mixture. 

Copper 32 parts, tin 16 *5, brass 4, and arsenic 1*25, gives a 
hard, white and brilliant metal. 

Pipe i^j^l for Organs, — Melt equal parts of tin and load. 
This alloy is cast, instead of being rolled, in the desired form of 
sheets, in order to obtain a crystallised metal, which produces 
a tiuer tone. 

The sho(‘is are formed by casting the metal on a horizontal 
tiibh‘, thi‘ thicknes being regulated by the height of a bridge atone 
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end, over which the superfluous metal flows off. The sheets thus 
obtained are planed with a carpenter’s plane, bent up, andsoldered. 

German Silver, — First quality for casting: Copper 50 lbs., 
zinc 25 lbs., nickel 25 lbs. 

Second quality for casting : Copper 50 lbs., zinc 29 lbs,, nickel 
best pulverised, 10 lbs. 

Geruuin Silver for Bolling^ — Copper 60 lbs., zinc 2 lbs., nickel 
25 lbs. ; used for table ware. 

German Silver for Bells and other Castings. — Copper GO lbs., 
zinc 20 lbs., nickel 20 lbs., lead 3 lbs., iron, that of tin plate being 
best, 2 lbs. It is difficult to combine a definite proportion of zinc 
\vi!h the compound of nickel and copper previously prepared. In 
fusing the three metals together there is always a loss of zinc by 
volatilisation, which may be lessened by placing the zinc beneath the 
copper in the crucible. The best method is to mix the copper and 
nickel, both ingrains, first; place this mixture in the crucible; 
when melted, add the zinc and a piece of borax the size of a 
walnut. The zinc will gradually dissolve in the fluid copper, and 
the heat may be raised as the fluidity increases. 

In this instance, as in all others of forming alloys, it is profit- 
able to mix the oxides of the various metals together, and reduce 
them under the protection of a suitable flux. The metal nickel 
can be produced only from pure oxide of nickel, and, as purity of 
the alloy is essential to good quality, the common commercial zinc 
is not sufficiently pure for some purposes. Copper cannot well 
be used in the form of oxide, but grain copper or scraps will 
serve equally well, 

JP/nc/toA;.— Copper 5 lbs., zinc 1 lb. 

Tomhac. — Copper 1 6 lbs., tin 1 lb., zinc 1 lb. 

Bed Tomhae. —Copper 10 lbs., zinc 1 lb. 

Friclcs German Silver. — Copper 53*39 parts, nickel 17*4, 
zinc 13. 

Hardening for Britannia Metal. — To be mixed se]|^ately from 
the other ingredients.. Copper 2 lbs,, tin 1 lb. 

Good Britannia Metal. — Tin 150 lbs., copper 3 lbs., antimony 
10 lbs. 

Britannia Metal, Second Quality. — Tin 140 lbs., copper 3 lbs., 
antimony 9 lbs. ^ 
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Britannia Meted for Cading. — Tin 210 lbs., copper 4 lbs., 
antimony 12 lbs. 

Britannia Metal for Spinning, — 'Fin 100 lbs., bardening 
4 11 >B., antimony 4 lbs. 

Britannia Metal for Registers, — Tin 100 lbs., hardening 
8 lbs., antimony 8 lbs. 

Best Britannia for Spouts. — Tin 140 lbs., copper 3 lbs., anti- 
mony () lbs. 

Best Britannia for Spoons. — Tin 100 lbs., hardening 5 lbs., 
antimony 5 lbs. 

Best Britannia for Hcmdles, — Tin 140 lbs., coj)per 2 lbs., 
antimony 10 lbs. 

Best Britannia for Lamps, etc, — Tin 300 lbs., coj)pcr 4 1I )S., 
antimony 1 5 lbs. 

Britannia for Casting. — Tin 100 lbs., hardening 5 lbs., anti- 
mony 5 lbs. 

Britannia Metal. — Brass 4 parts, tin 4; when fused, add bis- 
muth 4 and antimony 4 ; this composition is added at discretion 
to the melted tin. 

Casting Brass Nuts on Seretvs. — Polish the screw, make a 
mould on it, with a gate or runner at the end when mould is 
horizontal, 1 inch in diameter, 5 inches high, scoop out the toj) 
3 inches 4jj^cter bevelled down to 1 inch ; second, make the 
gate or runner on the top of screw ^ inch diameter, same height 
as the other. Take a pricker and prick from the top of the 
mould to the pattern nut about a dozen boles, after which draw 
diamonds with the wire from these holes to the sides of the 
mould on the tap. Now part the mould, draw the nut and 
screw, cut the gates, making the one at the end of nut same as 
tlie down one, an inch in diameter; take the screw, smoke it 
over a gas flame, turning it round, pouring a little oil on it ; 
continue heating till the oil begins to boil ; at this stage take a 
little ot' the dry parting-sand which is used to part the mould; 
sprinkle tins all round on the top of oil— heat now as before 
to dull red, and proceed as before. Eemelt the metal, take 
3 lbs. of old waste handles, free from iron ; add to this 9 lbs. 
of co]>per; melt both, and when ready for casting add \ lb. of 
zinc or sjadter; allow it to remain in the fire ten minut(‘s; take it 
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out, aild i 11). of block tin and J lb. of load ; stir tlio ^Yl^ole woll u]) ; 
tho so]-cw is now i‘ed and in the mould ; rush the metal in quickly 
fit tlic 1 inch diameter; he sure the metal is hot and it will 
rise at the other ^atc to the toj) of the mould. Be carolul at this 
stajxe. To take tho nut off do not heat it ; dress it as before ; 
Ijannner it cold, heat it — now hold the screw upright, pour on oil 
at the lop of tho nut, allow it to cool, catch nut in vice, apply a 
lever to tJje square at end of screw, and turn it round. 

TjuU)/1/'s Attrition Metal. — l*repariug and fitting : melt sepa- 
rately coppo!- 4 lbs., best quality Banca tin 12 lbs., regulus of 
antimony 8 lbs., and T2 lbs. more of tin while the composition is 
in a melted state. J^our the antimony into the tin, then mix with 
lie coppei’ away from the fire in a separate pot. 

In melting the composition, it is better to keep a small 
quantity of powdered charcoal on the surface of the metal. 

1'he above composition is called “ hardening.” For lining tho 
boxes take 1 lb. of liardcning and melt it with 2 lbs. of J3anca tin, 
which produces tho lining metal for use. Thus the proportions for 
lininir metal are, copper 4 lbs., regulus of antimony 8 lbs., and 
Banca tin 90 lbs. 

Tho article to be lined, having been cast with a recess for 
the lining, is to bo nicely fitted to a “former,” which is made 
of the same sliape as the bearing. Drill a hole in Ute article 
Ibr the reception of the metal, say J or j inch dianiet(*r, 
ace(»rding to the sisife of it. Coat over the part not to be tinned 
witli a clay wash, wet the part to be tinned with ajcohol, and 
sprinkle on it powdered sal-ammoniac ; heat it till a fume arises 
fr(nn Hie sal-ammoniac, and then immerse in melted Banca tin, 
taking care not to heat it so that it will oxidise. After the article 
is tinned, if it should have a dark colour, sprinkle a little fai- 
ammoidac on it, which will make it a bright silver colour. Cool it 
giadually in water, then take the “ former,” to which the iirtielo 
lias been fitted, and coat it over with a thin clay wasli, and warm it 
so ihat it will bo perfectly dry; heat the article until the tin 
begins to melt, lay it on tho “former” and pour in the metal, 
which should not ho so hot as to oxidise, through tlie drilled hole 
giving it a liead, so that as it shrinks it will fill up. After it has 
sufficiently cooled remove the “ former.” 

3 A 
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A sborfer method may be adopted when the work is 
enough to handle quickly; namely, when the article is prepared 
for tinning it may be immersed in the lining metal instead of the 
tin, brushed lightly in order to remove the sal-ammoniac from the 
surface, placed immediately on the “ former ” and lined at the same 
healing. 

Stereotype Metal . — Lead 4 parts, tin 1, and antimony f. 

In using stereotype metal, brush the type with idiiinbago oi 
a small quantity of oil ; then place in a frame, and take a cast with 
plaster of Paris. The cast must bo dried in a \ery hot oven, 
placed face downwards upon a flat plate of iron; this plate is laid 
ill a tray or pan of iron, having a lid securely fastened, and fur- 
nished with a hole at each corner. Dip the tray in the fluid 
metal, which will flow in at the four corners. When the tray is 
removed, dip the bottom only in water, and as the metal contracts 
in cooling, pour in melted metal at the corners, so as to keep up 
the fluid pri'ssure and obtain a good solid cast. 

Whin cool, open the tray, remove tiie cake of plaster and 
metal, and boat the edges with^a wooden mallet to remove super- 
fluous metal. Plane the edges square, turn the bnck flat in a 
laihe to the required thickness, and remove any delects. If any 
of the letters are damaged, cut them out, and replacoi them with 
separate type soldered carefully in place. Finally, fix upon hard 
wood to the required height. / 

Ca>iUn.g Stereotype Plates by the Paper '■Pmcess . — Lay a sheet 
of tissue prper upon a perfectly flat surface, and jiastc a piece of soft 
])rinting paper on to the tissue paper, pressing them very flat and 
even. Oil the form of type, lay the paper on it, and cover with 
a damp rag ; beat the pajicr evenly into the type with a stiff briisli, 
then paste on it a piece of blotting paper, and repeat the beating- 
in process, after which several other layers of soft, tenacious paper 
must be pasted on and beaten-in in the same manner ; back up the 
])a)X‘r with a })iece of cartridge paper. The whole must then be 
dried at a moderate beat under a slight pressure. Wlien quite 
dry, brush over the face of the paper mould with iilumbago or 
French chalk. AA^hen this is done it is ready for the matrix. This 
is a box of the size required for the work, the interior of \vhich is 
typo-high. This is called the gauge, and lifts out to insert the 
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piiper mould, snid is regulated by baud to the* siz(j of the plate 
iequired. being j)Iaced inside, the lid is shut down and 

scrciwcd iiglit, with the end or mouthpiece left oi)eii. Tlie metal 
is ])oun*d ill at tlie orifice, and as it is mounted to swing, the box 
is moved about so as to well throw down the metal and make 
a solid cast. Idien water is dashed on the box, the screw-bar 
unsliacklcd, the lid lifted, the plate taken off*, and the paper mould 
is ready for use for another casting. 

A)ioihpr Stereoiifpe Process. — 'I’he stercotyper first dries the 
form of types upon an iron steam table. The form is then partially 
imlocked, and a hand-brush is rubbed over the surface of the types, 
d(\‘insiiig them preparatory to placing over the entire form a sheet 
or dieets of thin bank-note paper, of the finest quality, previously 
^^e^,ted to insure the required pliability. This paper being evenly 
laid over the types, the workman takes a long-handled brush, made 
of short, sliir bristles, with which he beats the wet paper evenly, 
forcing it into all depressions of the types, taking care not to break 
tin* ])ap(*r. The work finished, a dampjened sheet of thicker, 
more ordinary paper is placed over the first. This is also brush- 
haiiiiuered down upon the types, and followed by another sheet 
of ])a])er, thinly coated with a preparation of whiting and starch. 
Again the brush is used to heat this home, after which a brown 
])aper hacking is put on, and then the form of types, covered by tlie 
bel'ore-mentioned sheets of paper, is trundled to another steam table, 
Vvhore it is slid under a powerful screw press, several blankets iolded 
over it, and all firmly held down until the paper mr-trix is dry- 
h.irdiuied, (^r “ cooked,” as the workmen^xpress it. The papering 
process occupies three or four minutes, me cooking about twice as 
many. The matrix is now peeled off from the form, and prepared 
for casting by sifting it with finely powdered borax, which with a 
Soft brush is thoroughly rubbel into the sunken surface left by the 
tyj)es. 'i'lie surplus borax having been removed, the matrix, which 
now resembles hard but pliable pasteboard, is ready for the casting 
box, which is made of iron, either straight or curved, to suit the 
press-bed. Handle irons hold the matrix in its proper place, at 
the exact distance, about half an inch, necessary for the thickness 
of the steniotype plate, which is made by pouring a quantity of hot 
type metal into an open end of the casting box. This metal, 

3 A 2 
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(Iroj)})!!!" ‘between one surface of tlie casting box and the Bunbon 
surface of tlie matrix, fills up the latter witboiit burning it. A few 
nionients are allowed for cooling, and then the matrix is Tstrip])(‘d 
from the warm plate, which is subsequently prepared for the ]‘rcss 
by trimming down all thick lines, or chiselling away any siipor- 
lluous metal, paring off the edges, filing, and otherwise treating the 
steroc'type after the usual manner. Circular saws driven by steam 
power, and hand cutting machinery of various kinds, are us(‘d in 
tinishing, the Avhole operation of stcrcotyjung occupying from 
fifteen to twciiiy minutes. A second plate may be obtained from 
file original matrix in about two minufes, and almost any nuinbor 
of <*asf iiigs can be tak(ui by careful workmen. In some ofiices (uily 
one mould is taken, this being used for casting the number of 
] dates required for several presses. The stereotype, being an 
(‘\act reproduction, in solid plate form, of the million or more ty])os 
(-riginally put togol.li(^r by the compositors, is fastcuoil upon tlio 
lloe, llullock, or any other printing ])ress, and used in place of the 
types. 

Type Mdal. — Lead 9 parts, and antimony 1, forms common 
t ype metal ; 7 lead and 1 antimony is used for large and s(dt type ; 
(i lead and 1 antimony, for large type; 5 lead and 1 antimony for 
middle typo ; 4 lead and 1 antimony, for small type ; 3 lead and 
1 antimony for the smallest ami hardest kijids of type. 

l^retich Type Metal consists of lead 2 parts, antimony 1, and 
coj>])(‘r 1. 

Common Type Metal is lead 80 parts and 20 antimony ; a more 
fusible stereotype metal ^ lead 77, antimony 15, and bismuth 8. 
If much tin is used it renders the metal rather soft, but fhsible 
and fit for fine impressions. A superior alloy is said to consist of 
lead 9 parts, antimony 2, and bismuth 1. To alloy lead with these 
metals, the lead is first melted and the other metals added to the 
fluid lead. 
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CHAPTER XXX. 

A COLLECTION OF USEFUL TABLES AND NOTI'S. 

Tabie XXXVTTI. 

WKiaHT OF ROUND 2VND SQUAllU COPPER RODS IX L13S. 
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Table XXXTX.— AREAS OF CIRCLES. 
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eq. in. 

m. 

pq. in. { 

in. 

pf|. in. 

i 

0-012 

i; 

2-701 

5 

10-02 

10 

201-1 

a 

()-(P« 

2 

2- 112 

5i 

21-05 1 

17 

227-0 


0-010 

2’ 

2 ■ 5 10 

51 

22-70 1 

M 

f.51 5 


0-070 

‘-ii 

2-070 

Hi 

25 -W? i 

10 

282-5 


0-110 


4-4.20 

t; 

2S 27 

20 

214-2 


0- 150 


4 001 

'i 

22-18 , 

21 

2h;-i 


0- 100 

V'« 

5- L12 

7 

28 'IS 

22 



(> 210 

2i 

5 020 

n 

41-18 

22 

415'0 


0 2o7 

0 7 

0-102 

8 

50-20 

21: 

452- 1 

1 1 ‘ 

o-‘;7i 

2 

7-000 

# 

50 71 

25 

4f‘0 !) 

i 

0 112 


■ 7-070 



20 

5*'0 0 

1 1 

0 510 


8-2'.'G 

OJ 

70 88 

27 

572-0 

’ 7 

O-oOl 

2 ' 

S-OlO 

10 

78 ■ 54 

28 1 

015-7 

1 5 

0 O.M 


0-021 

10.i 

80-50 

20 ' 

(;o»o ■ 5 

1 

0 7S5 

2'* 

10 22 

11 

05 03 

30 


{[ 

0 00) 

:•* 

11-01 

Hi 

102-0 

:u 

751 S 

u 

1-227 


11-70 

12 

1151 

22 

SOI 2 

1 ■ 

1-485 

4 

12-57 

12 

122-7 

22 i 

855 2 

p. 

i-7«;7 

U 

11-10 

14 

152-0 

24 1 

00 7 0 

1^ 

2-071 

4.1 

15-00 

15 

170-7 

25 ! 

f)02 1 


2-405 

L) 

17 72 
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Table XL.— PROPERTIES OP THE METALS. 



Clirniical 
Efiuivu eiiis 

specific 
(iruvity 
AViitiT at 
60 ° = 1 

Melting 


Metal* 

Hydrogen 

Oxygen 
= 100. 
Hydrogen 
= 1*2*5 

Point. 

Di‘greC9 

Falir. 

Remarks 

Gold 

08-33 

1220*10 

10*20 

2016 

(Rankine 2500°. ) 

Silver 

108-00 

1350*00 

10-47 

1837 

(Riinkine 1280° ) 

Iron .. .. 

28*00 

350 00 

7-78 

2780 

(Ruuklue savs c.iat iron 3470®.) 

t 'opper 

.•{1-00 

305*70 

8-80 

1000 

(Liankiiic 2518®.) 

IMerciiry .. 

100-07 

1250*00 

13*00 

39 


Li-ud 

J03-5(i 

1204 -.50 

11*35 

612 


Tin . . 

.58-82 

735*24 

7*30 

412 

(Raukine 426%) 

Antimony 

120*03 

1012*90 

(7*70 

810 


Bismuth .. 

70-05 

880-92 

9*80 

497 

Bismuth 8, lead 5, tin 3, melts 
in boilinp^ watcT. 

Zinc .. 

32-52 

400 -rio 

7 00 

773 

Very niiilleablc at 212° Eahr 

Aiaenic .. 

75-00 

935*70 

5*88 

700 

Hardens any mtdal with which 
it may mixed. 

CVibnlt .. 

20*52 

368*90 

8*5:; 

2800 

Rarely used in mt;t.dlic state. 

IMutmum •• 

08*08 

1233-50 

2(» 08 


Can be melted before the oxv- 
liydrogen blowpipe. Scarci* 
metal, nearly as valuable as 
l?old. 

Nickel .. 

29*57 

360-08 

8*27 

2800 

German silver — best, 8 eojiper, 
3 nickel, 3^ zim* ; eomnion, 
8 eopper, 2 niekel, 1 7 mk*. 

ralladiiim 

53-27 

005 00 

11*80 

— 

Hard, ductile and malleable. 

ItluHliuiii .. 

.52-11 

051 *30 

10 05 

— 

Wliite, and very haul. 

j’otnasiuin 

30*00 

487-50 

0*80.5 

136 

Very inllamimible. 

AJiiiiiininm 

13*00 

17117 

2*58 

— 

Very malleahle. 

Maj^nesiuiu 

12*07 

168-35 

2*24 

— 

Hard, but diietib* like silver. 
V'olatile at white heat. 

Alan^aneso 

— 

— 

8*00 

— 


i a Jmiuui 

— 

— 

8 70 



Sodium .. 

— 

— 

0*07 

— 


Iodine 

C 

— 

4*01 

— 


I'liObphorus 

— 

— 

J-77 

— 

Boils at 550®. 

Sulphur .. 

— 

— 

1*08 

228 

Boils at .570®. 


P.S. — Aiitlioritica dilTr considerably as to tbe tcmin^ruture at which moat of 
the nu tiila can l>o melted, owin;; u^doubt to errors in pyrometers. 


TAm.K XLI.—SrECIFlC HEATS, WATER BEING 1 0000. 


Charcoal 0‘2031 

Sulphur O' 1850 

Iron 0118S 

Zino 0*0055 


Mercury 0*0032 

Platiuum • 0*0324 

Gold 0*2Ui^8 





A COLLECTION OF USEFUL TABLES AND NOTES, 




Tai^lb XLIL— boiling TKMPKEATURES of ( KUTAIN 

SUBSTANCES. 


Degrees 


Mercury (al)out) .. 000 

IJjisccd oil 040 

vVIimIc oil 630 

Snliiliiir 570 

Oil of iiirpciitiiie (uhout) 350 

Pliosphorus 550 


Arsonic (volatilises) . . iloO 

Nuplilba 320 

Soiliiiiii (fuses) .. .. 200 

Alcohol 171 

Wood spirit 133 

Water 212 


Tabm: XLTII.— COJMrAIlATIVE WEIGHTS OF VARIOUS 
METALS. 



Ciist lion 

Dry De.-il 

I >ry l^liuiu 

VVruiiglit Iruti 

Itr.iss 

(\»l.p»T 


l.eiiig 1 

being 1 

Tree being 1 

being 1 

being 1 

bi mg 1 

Csist iron 

1- 

10-8 

11- 

o-ot 

0*81 

0 80 

Stcc‘1 .. 

1-08 

— 

— 

101 

— 



JJrs.HS .. 

IJO 

10-8 

12-7 

1-09 

1-00 



fonper 

J -21 

20 i 

i:s-3 

1- 15 

1 05 



Lcsul .. .. 

1-50 

2» ■ 

171 

1‘1S 

1-34 

1-27 

Till .. .. 

— 

1712 

n-2 

0-94 

— 



Zinc 

— 

— 

— 

0-92 

— 

— 


Tauli: XLIV.— WEIGHT OF A SQUARE FOOT OF VARIOITS 
METALS. 


Thu-kiicss. 


On<‘->ixti‘(‘Mtli of sin inch 
Oiu‘-( I'^liT.li „ 

Thi*o(-j»(xtoi‘nths „ 
Oiiti-qii'uJor „ 

I’^iM'-Hixts-olltllS ,, 
'J’liITC*-l ii^litlis „ 

Scvi ii-Hixtotiiidifl „ 
Ono-hall „ 

Five-iightbs „ 
Thn-o-qiniriers „ 

St•^ cii-oi^ht|^ „ 

One inch .. 


Wioiigbi 

Iruii 

Copper 

]bu^s 

lbs. 

Un. 

11)8 

2 5 

2-9 

2-7 

50 

5-8 

5 5 

7-5 

8*7 

8-2 

100 

llGi, 

10-9 

12-5 

14-5 

13 0 

15- 

17-4 

u;-3 

17-5 

20-3 

19-() 

20- 

23*2 

21*8 

25* 

2S-9 

27-1 

30* 

31-7 

82-5 

35* 

4iD4 

37-9 

40* 

46*2 

43-3 


J,cad 

C.IM. 

JlOll 

Sled 

i^inc 

lbs. 

lb<. 

lie. 

I!.S 

3-7 

2-3 

2 5 

2 3 

7-4 

4-7 

5- 1 

'i 7 

111 

7-0 

7-7 

7-0 

i IS 

9 - 4 

ll)'2 

!)■ 1 

IS 5 

11-7 

12 8 

n-7 

22 -2 

141 

15 

1 1- 1 

25 • 9 

JG-4 

17-9 

j<: t 

29 G 

18-7 

20*4 

IS-7 

37*0 

23 1 

25-5 

23 4 

41-4 


30-G 

2S • 1 

57-8 

32-8 

:».■)• 7 ' 

! ;:2-8 

59-2 

37-5 

40 -8 : 

;>7 -5 
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Table XLV.— PERCENT AGE OF CARBON AND SILICON CON- 
TAINED IN VARIOUS KINDS OF CAST AND WROUG^IT IRON 
AND STEEL. 


DcBcriplion 



Aiiiliunty 

f 

• 

per cunt 

por cent. 


Spicgeleisen (New Jersey, U.S.) .. .. 

0-900 

0-100 

Henry. 

„ ((Jormiin) 

5-410 

0 179 

Sella i'liiintl. 

„ (Miisoii) 

4-:j23 

0!»07 

Fresi uiun. 

Li’ifsla pig iron ( U.inneinora, Sweden) .. 

4-809 

0*170 

Henry. 

(in V pig iron. No. 1 (Tow Law) .. 

2-795 

4-414 

Hi ley. 

Toekey. 

(irey pig iron, No. 1 (Acadian Iron Co.) 
(iicy louiidry pig iron, No. 1 (Netlierton, 

3-600 

4-810 

South StniVonlshire) 

3-07 

1-48 

Woolwich Arsenal. 

Ditlo ditto. No. 2, ditto 

3-04 

1-27 


Cri'V forge pig iron ditto 

3-12 

1-10 


Korge pig jroii ditto 

3-03 

0-83 


Si roil g forgo pig iron ditto 

2*81 

0-57 


(iroy pig iron (Dowlais) 

3-14 

2-10 

Riley. 

NotUed ditto, ditto 

2*95 

1-90 

AVhito ditto, ditto 

2-81 

1-21 


Mottled pig iron (Wellingtioroiigh) 

2-JO 

2-11 

Woolwicli Arsenal. 

'NVliitc pig iron (Blaonuvon) 

Ih fined iron (Brornford, S. StaifordsLire) 

2*31 

1-11 

P(‘rcy. 

8-070 

0-030 

Dick. 

Puddled steid, hai<l (Kdnig.^huttc) .. 

1-3S0 

•000 

Brauns. 

Ditlo ditlo, mild (South Wales) 

•501 

•106 

Dairy. 

Ciitet steel, Wootz 

1-31 


Ihiirv. 

„ for fiat files 

1*2 


A. Willis. 

„ ( lliintfiinan*b) for cutlers 

10 


ff 

„ for chisels 

•75 



die steel (wt Ming) 

•74 


fi 

„ ilouhlc sliear stetl 

•7 


ft 

„ quarry drills .. 

•64 


9f 

„ masons’ tools 

•6 



„ spades 

•32 


W 

„ raU way tires .. •• .. .. 

,32 to 27 


ff 

» .. , 

2(i to 21 



„ plates for ships 

-25 


Vaii< ms. 

A. Willis. 

„ very mild ] 

„ (melted on open hearth) .. / 

•J8 


Hard bur iron (Soutli Wales) 

•410 

•080 

Schathautl. 

„ „ (Klohtor, Sweden) .. 

•3StJ 

•252 

Henry. 

„ (Uubsia) 

•310 

Trace 

” 

, t 

.. ,, „ 

•272 

•002 1 


Boiler plates (Kussoirs Hall, Soutli 

St.drordsliin‘) 

Arm-'iir plates (Wiardale lion Co.), too 

•190 

•144 

V 

st(‘cly 

•170 

•no 

Percy. 

Bar iron (Lof>la, Sweileii) 

•087 

•115 

Henry. 

„ ((D MOee, Sweileii) 

•0S7 

•056 


„ (Obterhv, Sweden) .. *, ,, 

•O."!! 

•028 


Armour plates (Beale and Go.) 

•044 

•174 

Percy, 

„ (Thames lion Co.) ., 

•033 

•JOO 

„ (Low M(K)r) 

•010 

•122 

Teekcy. 
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Tablh XLVI.— TlirCKNESS AND WEIOIHT OF WllilC. 


lliTiinnoiliiini 
Will' liuui^o 


Wire 


1 Weight tif ii Square Font 

liicliea 

Weight of lOU Lineal Feet 

Thujkripss 

by B.W.U. 


111 




Iron 

StCL'l 

Brass 

Copper 


Iron 

Copper 

Brass 

1)000 

— 1 r. 

\ i 

lbs. 

lbs. 

lbs. 

lbs. 


lbs. 

lbs. 

lbs. 

000 

~ 1 0 









(JO 

— -i 
s 









0 

— 1 1 

00-58 

30-92 

33*43 

35-17 





1 

= 

25*75 

20-04 

28-15 

29 -02 

1 

12*50 

14*50 

13-75 

2 


2r:J4 

21 -57 

’23*32 

24*54 

2 

120 

13-90 

13*20 

s 


1802 

18*22 

12 -7/1 

20*72 

3 

11*00 

12-75 

12-10 

4 

— 

1511 

ir)-‘28 

IG-52 

17*38 

4 

10*00 

11*00 

11*00 

5 


]2-'1G 

12 -50 

1.3*02 

14*33 

5 

8*74 

10-10 

9-01 

0 


ir-is 

11-57 

12-51 

1.3- 16 

0 

8.12 

9*40 

8 93 

7 

— 1 
“ To 

9*25 

0-35 

10*11 

10G4 

7 

7 •50 

8-70 

8-25 

8 

7 -‘20 

7-37 

7-07 

8*38 

8 

G-80 

7-90 

7-54 

i) 


G-GO 

0-08 

7-22 

7*59 

9 

6-24 

7*20 

0*80 

10 


4-OG 

5*02 

5-43 

5*71 

10 

5-02 

6-50 

6-18 

11 

— 1 
— S 

l-iO 

4*18 

4*52 

4*75 

11 

5*00 

5*80 

5-50 

J2 

0-14 

3-lS 

3-43 

3Gl 

12 

4*38 

5*08 

4*81 

i:i 


2 :54 

2-30 

2-55 

2*G9 

13 

3*75 

4*34 

4-12 

U 


l-GO 

1-71 

185 

1*05 

14 

3*12 

3-00 

3-43 

ir» 


1-37 

1-30 

1-50 

1*58 

15 

2*82 

.3-27 

3*10 

m; 

_ il 
— To 

1-05 

1*00 

1J5 

1*21 

IG 

2*50 

2-00 

2-75 

17 

•SO 

•SI 

■87 

•92 

17 

2*18 

2-52 

2-40 

IS 


•01 

•02 

•07 

*70 

18 

1*80 

2-15 

2*04 

10 


•47 

•47 

i 

•54 

I 

1-70 

1*97 

1-87 

‘20 

« 

•32 

•33 

•31 

•37 

20 

1*54 

1-78 

1-09 

21 






21 

1*40 

1*02 

1*54 

22 

= aV 





22 

1-25 

1*45 

1-37 

2:{ 





23 

1*12 

1*30 

1*2;; 

2t 






21 

1-04 

1-10 

l-IO 

25 






25 

0*00 

1-04 

0-99 

20 






20 

•80 

■92 

•88 

27 






27 

•72 

•83 

•79 

2S 






28 

•04 

•74 

•70 

20 






20 

•50 

•04 

1 -Gl 

SO 






.30 

•50, 

-.VS 

•55 


Table XLVIL— QUALITIES OF USEFUL METALS. 


KelaliMj W'lights 

StriMigib to rtBisfc 
'J UlslUll 

1 Tenacity 

OiiltT of Ductility 

Win -drawing 

lAaiiiiii.ilde 

Lonil 

148 

Ca'^i stool 

195 i 

! Gobi 

1110 

o»ia 

Gi'M 

t’dliper 

IJO 

Shear „ 

170 , 

Iron 

1000 

Silver 

Silver 

Jllil.S.'J 

109 

I51i.•^t(‘rp(l do. 

IGG ; 

Silver 

820 

rial in urn 

Copper 

Sfecl 

102 

Eiinlisli irou 

101 

Ilnihs 

820 

WT-oU"lit 

'I’in 

J*.ir iron 

100 

Swuilinli „ 

95 , 

Ct»i‘Per 

Gi;5 

iiou 

ri.ilinum 

Cost. „ 

95 

C'ust „ 

90 

Tin 

110 

Copper 

Lead 

Ca&t zino 

95 

('IlM lUCtHl 

50 

Li ad 

05 

Zinc; 

Zmo 



Yellow brass 

4G i 



I 3’iii 

AVroiii^ht 



Cojipur 

4:; j 



Jjfiad 

iinil 



Tin 

u ! 



1 Nr-Im‘1 

JSicli.d 



IjOlul ' 

10 ‘ 



1 l*!illuiliimi 

T’.ill.idiiiiii 
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Tahle XLVIII.— SllUINKAGE OF CASTINGS. 


In locomotive cylinders 

Jn ])ij)es 

( i i n 1< 'i'.", beams, etc 

Knjj:ine beams, conneciin^-rods 

In cylinders, say 70 inch diameter, 10 feet 

stroke, the contraction of diameter 

Ditto 

Ditto in lenj^th 

Jn thin brass 

Jn thick brass 

In zinc 

In lead .* 

In copper 

In hisniulli 

ill till 


= inch in a lineal foot 

~ ‘sr i» ’ *> 

= in 15 inches. 

= i in 10 „ 

= ^ at top. 

= J at bottom. 

= J in 10 inehos. 

= I ill 0 inclK S. 

= 1 in 10 inches. 

= rj”,- in a fool, 
fioui i to in a foot. 

= in a foot. 

— TlV »» 

from to J in a foot. 


Easy Rule to Find Aitboximate Weight of Castino.s. 

Tliickiiess in ^ inches x wiilth in J inches x Icngtli in feet = llis. weiglit 

cast iron. 

Ff>r lead add one-half to the result. 

For brass add one-seventh „ * 

For cojiper odd onc-lifth „ 


Table XLIX.— WEIGHT OP TIMBER PER CUBIC FOOT. 



Lbs. 

Acacia 

.. .. 44 

Ash 

.. .. 48 

Ih’CCll mm mm •• 

.. .. 46 

Diicli .. •• 

.. .. 404 

r>ox 

. .. 60 

Cedar 

.. 48 to 56 

lUairttnut 

.. .. do 

1 'ork 

.. .. 15 

Dial 

.. .. 43 

„ English 

.. .. 30 

Klin 

.. 35 to 41 

Fir, Mar Forest .. 

.. .. 44 

„ New Kiiglmid 

• • 35 

„ Riga 

.. .. 47 

T.arch 

.. .. 34 

Hawthorn .. 

.. •• 38 

llazt'l 

.. .. 54 

Holly 

.. .. 48 

Hornbeam .. .. 

• • .. 4 1 4 

1 ancewood .. 

• • • • ^*1 


]J)S. 

Lignum vitro 70 

Lime tree 47^ 

Mahogany, Honduras .. .. od 

„ Spanish ., hJJ to dO 

Norway spar :J(J 

Oalt, Adriatic <12 

„ Canadian h.*) 

„ Daiitzic 47 

„ English dS 

Pear tree J I 

Pino, pitch 41 to 

„ red 41 

„ yellow :iS 

Plane tree 40 

Poplar :i:ito2l: 

Sycamore :js to 4:? 

Teak 47 

Willow 24 

Yew dO 
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Tahle L.— weights of USEFUL METALS. 


N .ii'je of Moial 

Cubic Foot 

1 ft. ^q. 
by 1 In. thick 

Bar 1 ill. sq. 
by 1 fi. U>iig 

— • 

Kir 1 in (i 1.1111. 
by 1 It b.nn. 


lbs. 

11>8. 

llm. 

llw. 

(3ast iron 

4r>o 

37*5 

S12 

. 2-45 

Wroii^^ht iron ,. 

475 

40*5 

3 -ns 

2Gl 

Slool ^ 

lf)0 

40*8 

3*40 

2 07 

Gopprr (cast) 

519 

45*7 

3-81 

2-1J9 

Gnii iiiotsil 

510 

4‘2*5 

3-54 

2-7S 

ISniss Cyollow) .. 

52:5 

43G 

3-G3 

2-S,^ 

Lead 

710 

59*3 

4-94 

3-SS 

Zinc (niht) 

4:59 

.‘IGG 

3*U5 

2*40 


Weight op Lead. 

‘22 cwt. = 1 fodder of lend (Stocklon). 

21 ly ” 1 f. yy ( Nl (‘\\ OnHllc). 

yy = 1 wt *9 (London). 


Fluxes. 

There are numerous substances which being themselves easily 
fused, are added to more refractory materials to promote their 
fusion ; the following articles are largely used for this purpose 
— crude tartar, commercial cream of tartar, borax, nitre, sal- 
ammoniac, common salt, limestone, glass, and fluor spar. 

As most metals are more disposed to oxidise when in a molten 
state than when solid, it is usual tcy|pver the surface of the metal 
in the crucible or smelting pot wh some flux, to^protect the 
metal from the aclion of the air. In the cupola the slag from the 
lime, answers this purpose. With the precious metals powdered 
charcoal is fieijuently used, as are also borax and saltpetre. Bra&»- 
iouiiders employ broken glass or powdered charcoal. For the moro 
fusible metals resin and oil are used. 

Black Flux . — >sitre 1 part, cream of tartar 2 parts ; mix and 
burn in small quantities in a red-hot crucible, and mix the product 
with flnely powdered charcoal. Keep dry in an air-tight vosacl, or 
W'cll cork the bottle. 

This is used in smelting metallic ores. 

Flux for Ixedimug Arsenic . — Carbonate of soda in crystals 
8 parts, iiuely powdoied charcoal 1 ; heat gradually to a reel heat. 
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Cornish lledminc/ Flux . — Cnido tartar 10 parts, nitre 4 
l)orax SL powder together. 

liefiling Flux.--Crude tartar and nitre, equal parts; bum 
together. 

Crude Flux. -Same as the black flux, omitting the burning in 
the crucitle. 

Fluxes for Arsenical Compounds. — (1) Dry carbonate of 
potassa y parts, cyanide of potassium 1. (2) Dry carboiiaie of 

soda and cyanide of potassium, equal parts. 

Morreaiis Beducing Flux . — Powdered glass free from load 
8 parts, and 1 each of calcined borax and chaicoal ; powder well 
and mix. 

Salt Cake . — In smelting expensive metals the use of salt cake 
as a flux greatly improves the appearance of the metal or alloy ; the 
reduse uniting with the salt cake floats to the surface of the crucible, 
and is skimmed otF. 


Metal. 


Flvx. 


IiYin or btccl. 
Tinnc‘(l iron. 
Coi>i/cr and brufis. 
ZiiH*. 

Lond. 

Lead uiid tin 


Borax, or hnl-annnoniac. 

IJesin, or chloriUe of ziiu*. 
Sal-iunnioiiiac, or old iiidr of zinc. 
Gbloi ido of zinc. 

Tallow or rrsiu. 
lleuiu and bweet uiL 



Hiese lire soft adhesive substances, generally of an eartliy 
composition, used for closing vessels to make them air and gas 
light, or for coating over vessels or parts of vessels, to proUnd 
them from the effects of high temperatures. 

Stourbridge Claij, in fine powder, made into a paste with water, 
will sustain a greater heat than any other English lute. 

Windsor Loam, a natural mixture of sand and clay. 

Kilher of the above may be used for coating vessels, or for 
making tight the hot joints of metallic vessels. Mixtures of piil- 
veiised borax w'itli either of the above, or with common elay, form 
fusihle fluxes, useful for glazing over the surfaces of vessels so us to 
close their j)orcs. 



A COLLl'XTION OF USEFUL TABI.KS AND NOTES. 7^3 

1. JMix thoroughly good clay 2 parts, sharp washed sand 1, 
and horse dung 1, then temper like mortar. 

2. Linseed or almond meal mixed to a paste with milk, lime 
water or si arch paste. This Into stands a temperature of 500°. 

Fat Lute. — (1) Mix dry clay or pipe-clay in powder with 
(liyiyg linseed oil into a thick paste; the part to which this is 
flj)])li(j(l must be clean and dry. (2) Plaster of Paris mix with 
watcT, milk, or weak glue. Both these lutes stand a dull red heat. 

White lead, paste and paper, caoutchouc, and yellow wax, arc 
also used as lutes for various purposes. 


Si'EciFio Gravity. 

The specific gravity of a body is its weight in proportion to 
that of an equal hulk of water. 

'llie weight of a cubic foot of water at a temperature of 60° is 
1000 ounces avoirdupois. 

'i'herefore the specific gravity of a body, water being 1000, 
shows the weight of ^cuhic foot of that body in ounces. 

Then, if the magnitude of the body be known, its weight can be 
computed ; or, if its weight he known, its magnitude cau be calcu- 
lated, provided its specific gravity is known. If any two of tlio 
tlirci^ (Hialities, weight, magnitude, and specific gravity, be known, 
the tliird may he calculated by a simple proportion sum. 

Tho specific gravity of*etals, mercury excepted, is increased 
by "Liammoriiig, rolling, or stamping ; it is therefore important, in 
comparing sj)ecific gravities, to consider the treatment to which the 
metals have been subjected, and also to note their temperaturtis. 
High temperatures decrease the specific gravity of metals, as it 
causes them to increase in bulk. 


Sf ccific Gravity. 


Si)ltler for g(»Ul .. .. 12-40 

Soldcir for silver 9*84 

Soft solder 9’6fi 

iVwter .. 7-25 

Music metal 7*1 
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Table LT.— SrECIFIG (JRAVITY AND WEKUIT OF VAIILOUS 
MATERIALS USED IN FOUNDRIES, Etc. 


— 

SppciRe (Sruvlty 

Cubic Foul in IJis. 

Cubic In. ill Oz. 

B"rtix 

1-714 

107-1 

0-99 

Chalk 

2-767 

J72‘9 

1-60 

Coal 

1-250 

7S-1 

0-7% 

Emery 

4-000 

2.50 0 

2-31 

Gypsum, opaque 

2-168 

135-5 

1 25 

Grindstone 

2-143* 

133 9 

1-24 

Jjimestone 

2-945 

181-1 

1-2S 

Pinuiee stone 

-915 

57-2 

0-53 

Rotten Btuno 

1-981 

123-8 

1 14 

Salt 

2-130 

]3:m 

1-23 

Sand 

1-520 

95-0 

0-SS 

Siiljihur, native 

2-033 

1271 

1*17 

„ inelled 

1-991 

124-4 

1-15 

Tallow 

-945 

59-1 

- 55 

Olivci oil 

•915 

57-2 

-.53 

Linseed oil 

•932 

58-2 

-51 

Tiir 

1-015 

63-4 

•5!) 

White load 

3-160 

197-5 

1-82 


Plaster of Paris, dry 
„ wet 

Portlfliid eernent .. 
Flint ^lass 
(^rowii „ .. .. 

Pottery 

Dry loam 

Piipior iiifiehc .. 
ModelleFa wax 


.. 11 : 
.. l’(i 
.. 80 
.. 8*0 
.. 2*5 

.. 2-0 
1-4 
.. 0-7 

.. 0-9G 


Table LII.— EXPANSION OP METALS BY HEAT. 

In mising the temperature of of various metals from 
F. to 212° F. they are found to expand nearly as follows - 


Pliiiinum 

.. one in 

1097 

jiarte. 

Palladium 


1000 


Antimony 

•• »» 

923 


(Vst iron 

•• *» 

901 

tf 

Steel 


824 


Wronj;lit iron 

• • »» 

801 

9f 

Bismuth .. 

•• »» 

718 


Gold 


667 


Copper.. ., 

• • »» 

.5.57 

99 

Gull metal (copper 8, tin 1) .. 

•• »» 

550 

99 

Brass 

• • n 

524 

99 

Spi culiim luctal 

•• n 

517 

19 

Silver 

•• V 

499 

99 

Till 

•• »» ■ 

424 

99 

Lead .. .. •• 

•• *» 

350 

99 

Zinc 

•• »» 

336 

9» 
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Tablk mil— to CA lout. ate VALJTE per ton of 2210 LliS., 
AT -,V OF A Id. PER LB. to la. PER LB. 


d. 



£ 

8 . 

d. 

1 d. 



£ 

8 . 

d. 

d. 



£ 

8 . 


'hs 

.. 


0 

11 

8 

H 



38 

10 

0 

«« 

.. 


75 

10 

8 

1 

M 



1 

8 

4 

H 



89 

18 

4 

8i 


.. 

77 

0 

0 

1 

1 



2 

0 

8 

n 



40 

16 

8 

85- 

.. 

.. 

78 

8 

4 

n 

M 

• 


8 

10 

0 

i 



42 

0 

0 

H 



79 

0 

8 

A 

,, 


4 

18 

4 

i 45- 



43 

8 

4 

8^ 

.. 


80 

10 

0 

1; 

,, 


5 

10 

8 

: H 



44 

0 

8 

8^ 



81 

18 

4 

1 

,, 


7 

0 

0 

4^ 



4.5 

10 

0 

81- 



82 

Di 

8 

A 



8 

8 

4 

: 5 



46 

18 

4 

9 



84 

0 

0 

1 



i) 

G 

8 

1 



47 

16 

8 

9i- 


, . 

8.5 

8 

4 




10 

10 

0 

! 



49 

0 

0 


.. 


80 

0 

8 

n 

,, 


J1 

18 

4 

i 55 



50 


4 

9;j 



87 

10 

0 

1 ' 



12 

10 

8 

5J 



51 

6 

8 1 


.. 

.. 

88 

18 

4 

1^ 



14 

0 

0 

.5- 



52 

10 

0 




81) 

10 

8 




15 

8 

4 




58 

18 

4 

n 



91 

0 

0 




10 

0 

8 

5;- 



51 

10 

8 

y^- 

,, 


92 

8 

4 

1 ; 



17 

10 

0 

0 



50 

0 

0 

10 


,, 

98 

0 

8 

o 

, , 


IS 

i.8 

4 




57 

8 

1 

lo;- 



94 

10 

0 

2 * 



11) 

10 

8 




58 

6 

8 

lOir 


.. 

95 

18 

4 




21 

0 

0 

G,* 



59 

10 

0 

lO^i 



90 

10 

8 

2 ’ 

.. 


22 

8 

4 




00 

18 

4 : 

lOi 

,, 

.. 

98 

0 

0 




22 

*10 

8 




61 

16 

8 : 

10^ 


. . 

99 

8 

4 

-S 



21 

10 

0 




08 

0 

0 ' 

10^ 


,, 

100 

0 

8 

1 

- 1 



2.5 

1.8 

4 




64 

8 

4 

lOt 



101 

10 

0 

2' 



2(; 

10 

8 

7 



6.5 

0 


11 

. . 

,, 

102 

18 

4 

:r 

,, 


2S 

0 

0 

7i- 



60 

10 

0 

u\ 



10.8 

16 

8 




21) 

8 

4 

7} 



67 

18 

4 



,, 

10.5 

0 

0 




80 

0 

8 

7 ‘ 



6S 

10 

8 

IL- 

,, 

. . 

100 

8 

4 




81 

10 

0 

71 



70 

0 

0 

111 



107 

0 

S 




,82 

18 

4 

75 



71 

8 

4 

il;; 

,, 


108 

10 

0 




.88 

10 

8 

7-^ 



72 

6 

8 

11:^ 

•" • 


109 

18 

1 


,, 


8.5 

0 

0 

■ n- 



78 

10 

0 

IH 



110 

10 

s 




80 

8 

4 

, 8 

• • 

•• 

74 13 

4 . 

|1«. 

.. 

.. 

112 

0 

0 

4 • 

•• 


37 

6 

& 

ll 






1 









INDEX 


ABKAPTnv of llr '-liricks, 221 
Air, Cfiiti ifniral r»irc(‘ of, 2f3 
oomiiosition (tf, 7-1 
C'oliui^, (j(J 

fans loi IiiL'-li pH's^nrcs of, 219 
foi (‘M|)i)l;i 2:!:], 2(i5 

liot hlasl, aiTiUi^X* imMits, 11-7-149 
ijijii'jti lor COMM mml', 1 21.'> 

fuo'incts of (vtinlMishoM in, 7a 

v.m..lion> in jncsMi'c's oj, 202 -2G4 
Alkali'S, circct in cla\, 218 
Aland’s fan, 210, 211 
All..\s, 7i:; 724 

r>a1)l.itr.-,7M, 721 
l) ‘ll inera.1, 000-71 1 
Inuss composition-', 711, 715 
C(*ni])0-,ili('TiH (if, 7) 1 

iiic't mil:; l>ninis ,,i, 7 1 j. 

iiiixinir and incltiiiL; of, 178 ISO, 
710 

INI lint/, 71 1 

still ntorv In-onzc, 71-1, 718 
si« rcol\ pc, 722 
soliicr, 7 1 I 
Avliilc, 717, 718 
M illi iron, - 1, ‘12 
Altoi>n^i wliccl foundry, ()90-003 
Alumina, 1, 22, 217 
in iioii, 4 
in sand, 28'! 

Aliiniiniiim, jn iccntiXijc of, iid'K-d to 
'•a-.t. inm, 22 

its ( tfcct on cast ii on, 22-04 
Aluminous shales, 2u0 
Amcra'an cupolas, 112-144 
pi^-iron, 14, 40 
Auiihsis of coal, 70 
Annealing-, 528, 529. 093, G?4 
cnicihlos, 2.40 

inatcriids ii'Ctl for, 528, 529 
ovens, 521 
pds for, 528 
rc >m-' for, 094 
Anthracite ceal, 99 


Anvil block, (•nst.in' 2 : of, 108 
Anvihs, cast iniii, 5.‘».7 
Arcln d roof, liic-hrick for, 221 
Aims of circles, 725 
ArscMiic, (‘tt(‘cts of, in iion, 22 
Art work, bronze, 050-(>57 
AshUlif cojil, 77 
of cok(% 8.7-SS 
A.ssa>iiiL^, crucibles for, 228 
of liio-cla\s, 213 

Averajje cost of mould in;;, 701-712 


Babbitt’s metal, 714, 721 
Bailey’s pyrometer, 197, 198 
Bilker’s blower, 251-257 
section of, 255 
fable of particulars of, 250 
volume of air swept per rcvoliiliou 
by, 257 

Barrel, ie\olviug; sand mixini;, OSI. 
t;s2 

siind blast coinbined witli, 98^ -'.>90 
B.irs, lor cores, 3 13 IMO 

V( ntil.iiion of, .3 1.’), 1 

Biiuxilc, 203 

SUM ion of Ijiisic slapf on, 210 
and plnmbiij^o, 209 
composition of, 2118-21 0 
Beams for bolding dowi', 429 
Healings, alloys for, 710 
Bodpliiics, moiiIdiMij^ of. :>91-100 
Beech, for jiiitlerns, 207 
Beehive coke o\ens, 79-83 

air inlet for combuhtnm in, 81 
bye-products lost with the. 82 
constructional details ol, 79-82 
dimensiouB of, 80 
general efficieney of, 82, 83 
latter stages of coking in, SI 
loss of weiglit hv enkiiig process m, 
80-82 

quality of coke prcilueed from, 80 
tiii'i' to compb'tc p’of'ss in, 81 
Miiteaiiig piocc'^, >2 

3 B 
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Dccliivo ivikft ovonR (coiitiuned) 

wriL’-ht. of ooko product mI, 80 -8‘2 
\v( iL,dil <»f cHcli cliargc of j;round 
ooiil, 70, SO 
D( Unsl .'-.jiTid, 287-292 
D«‘lu:i!in cupola, 101-108 
Itcllh, t\)UTi(Uuf; of, 008-071 

iiictiil coinj)i>Bition for, OO5-710 ' 
inouldirif; proccsa for, 007 
uott s j)rodiiocd by, 070, 071 
proj)ortif»nB of, 000, 070 
Imtioh of, 000 

\ ill ions iiotnblo bolltj, 0o9, (>69 
licit for uii, 1-11 
llcinl-]»ipcri, 9:U 

core iron for, 391 
i^rctiU-HMiul cores for, 931 
llcrlm crucibles, 220 

lles'.emer Innisicos, 181-185 
lor cruoiblo Btoel, 181, 185 
Iiii^b press reverberatory, 181, 182 

couvc'i ter, J82 

Ib'vel wbcr.ls, 470-479 • 

couBtructinf; the teeth of, 477 
(it tails of teeth of, 477 
piti'h circle of, 477 
j-olliii!' circle for, 477-479 
Itic-klbnrH crucible furnace, 049-015 
llmdiiif; of moulds before casting, 427 
beaiu.-^ used foi,427 129 
pl.itcs ust'tl fo?-, 127 
Ibrniiiii^h.iiti crucibles, 220 
1 til iiuiiiiouK eoul, 77 
Jlliiekiu;^, 297 900, 90<;-909 

jietiou of umltcu iron on, 298, 992 
block lead, 9ii8 
co.d'diist, 908 
eoke-tliist, 9,08 

ilillerent t|iiali(ies of, 907-909 
for bciivy esK^tiuiijs, 299 
i;r.iphib*, 99S 

liow :ip] tiled to ^rciui-siiud moulds, 
297 

liow u])plied to dry-sand ai d loam 
moulds, 298 
miucral carbon, 907 
]>:ilout mixture, 907 
pluiubapfo. 907 
propertu'h of, 298 
jestrM*tioiiH in the use of. 2*.»9, 900 
Hpecuil COlupoSltinUH of, 909 
slecliua. 90S 
terra Hake, 908 
\v<M)d chill coal, 907 
r,l:iek-le:id crucibU>. 220, 227 
r.l.ick N\asb, 298, 2''9 
Dlanclied copper, 717 
J'lad, air for, 299, 209, 202, 21)4 
dl'U^it^ «)f. 217 

furnaces, 100 

iiol, 2.:9, J47 119 


Blast (amiinued) 

quantiTy of air, 295 
vuMutious in pres-ure of, 202, 2<>i 
Blowers ior air blast, 2.70-205 
Aland’s fan, 240, 241 • 

Baker’s, 2.">4, 2.')7, 209 
common fan, 290 
double actin;^ cUiiidor, 294, 2il5 
bij;b jircssuro bin, 219 
l.aullaw’s blower, 200 202, 
jjloytl’s fan, 297 
Piftin blower, 2.77-200 
Hoots blower, 250. 259 
Suinuclfiou’s blower, 259, 251 
Schiele’s fan, 298, 299 
Sturtevant’s fan, 299, 210 
’J'romb water-fall for air bbi.,t, 2111 
Boards tor loam mouldiiii^, 917 -1M>, 
490-4.S9, 490 
Bod or bolt-stick, 1 1 1 
Boding points of snlislaiiees, 727 
Bookkeepiuf^ in foniidiies, 097 
Bottom of cupolas, 112, 111 
Boxes and Husks, 912-917, 079 
binders for, .*515 
chill casting:, 505-523 
fonr-piirl boxt‘s, 979 
small Husks, .‘510 
special foi insof. 920-2i77 
Hiiickiii;^ and niinibtMing; .*517 
tbro' -jiart bo\t‘s, 977 
twi»-part boxes, 919 
Brass, t‘»92-7 1 I 

IbiiTidin^ of, 0*52- 019 
— {'eneral (‘onditions for, 092-0.‘57 
patL(‘riis, 9S5 

Brass, ordi II. iiy meltin'^ Inruiict', ('.98- 
040 

Bickibrd’s oil fnrmice, t‘>l9, 015 
eiucibje ton.L^s, 018 
Fletcher’s cnaaMe furnace, Oil 
fin4 consnnu'd in, 0 to 
midtin^ J)roces^, 098, 010 
inonldin;; boxes, 019 
rjih' of inelliiij;, OJO 
Bose’s oil furnace, 040, 047 
Brass. reveilMU-atory fnriiact*, I7.S 
charging ol, 17S 
consumption Ilf find in, 178 
inspection liol<*s, I7t> 
oxidation in, 17‘.k ISO 
taiipiuj^ of, 178 
Bnizing metal, 711 
Bieukiiig pig-iron, 119 
Biicks, different (lualities of, 2o7 -210 
bauxite, 20S 210 
Dimis, 2o7 

for loam monbling, 295 
silica. 207 

structures for moulding, 127 
Bricks, reriaclury, 20.7^ 224 



INDEX. 
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Bricks {tHmtinupd) 

Mbi'iisioTi of, 221 
aimiiiiia and silica in, 217 

o(jnsidomlioii rc^.irjlinff, 222 
rcsistaiioo of, 220, 221 
cxiiaiwoii of, by lioat, 221 
for arched roofs, 210, 221 
for fnriiaoc licartlis, 210 
for side walls, 221 
p:anfktcr, 20S 

limits to proHi'iicc of alkalies, 210 
limits to pr(*S“ii(*(*, of iron, 210 
idiysical jnnjiortios of, 220 
stnndui'il m/(‘» and shax^ca, 223, 221 
lest in ji; of, 221 
Biilannia mclal, 720 
IJnttli* iioM, 0 
Jlron/.c, 3St) 

liiu* ait, dot) -tloT 
k'n'iicii works in, 0.71 
melfin":, furnace for, 178,179 
moulds, r.>‘> 4!15 
si aim* foni'dinir, (InO-dr)? 

Bnildin;j: riiiufs in moulds, 120-120 
j)l.iO rs iiM d ill iinnildin^, 127, 

j:;2 

Bii')yanc\ of cores, ">10. JI.MJ-IJC/i 
(‘Namiil'*'^ of, iJol 
failiin*^ to n'sist, .'lol, 
melliods for rcsistin.r ot, 

■H)7, 1211, 4:i0 

principh s iclatinp; 1o, :{,■»! 

upward foicc due to, ;»,'»7, 107, 408 
Burning on, o.'JO, ,710 
details ol, oi'iO 
Burnt ^and. 7ni 
BiialiiiS, moulds A>r, I>7(i-378 

(lAiaiHASSK, Fonderie a, 1<U-IG8 
(laloiili(‘ po\\(‘T of <*!irhoM, 73 
of carbonic oxide, 73 
of coal, 73-77 
ot ^oke, 1,73 
ofi»rodnce'‘ pjas, 03, Ot 
of sulphur, 73 
Caihide ol iron, 3. IG 
Carl)on, 2, 1, 12-1(1 

cniorilu! power by combustion of, 
73 

c,oiiil)inod, 12-1.7, 17, 18 
combustion of, 73, 18(1-101 
^raj)hiti<’, 12-1.7, IG, 17 
in coal, 7G, 77, So, 8G 
in coko, Sd, 1.77 
in iron, 12-1.7, 10-18, 728 
in strel, 1,G2G. 020 -(*.3 1 
prodiiccil temperalun^s, 18G-191 
Carbon. ite ol lime, lol, 2dG 
('al■^at( Ill’s pyrometer, 100, 107 
C.iTl biipiic.-., mouhls lor, il7G-378 


Case liurdiMiim;, .720 .731 

Dodd’s fuinacM* lor. .730. ,731 
ettV'cts of elaywasli coatu jr, ->30 
maieriala n«.(*d for. ;720. ,7.30 
rapid inotbods for, .730 
Ca.sing for cupolas, 1 M, 1 1 .7 

for revcrber.ib)iy fuinnccB, ITS, 
178, 1S3 

Cast nr ]>i^ iron, 1-68 
alloys of, 42 
uliiminiiini in, 22, 23 
unm alirii^ of, 20, .30 
Arnold’s ( xperirnents on, 41, 42 
arsenic iu, 22 

carbon in, 7, 17, 10, 20, 42, 728 
carbon in, etfocts of, 7, 17, 10, 20, 
42, 728 

cast direct from blast furnace, .77 
cliaractenstic properties of, 0-14, 31 
chromium in, 21 
cold blast, 4,7-10 
ooiiipre.ssioii of, 34 
composition of, 11, 12-1.7 
contraction of, 27,20 -31 
copyier in, 22 

cry.stallisation of, 7, 15, ,78 08 
different varieties of, 1, 7, 8, 12-1.7 
early appliiiiitions of, 3 
elasticity of, .31-47 
expansion period in, 20-31 
ferro silicon in. 24 
llni«l pr(»pcrties of, 7, 2,3 
for Ji\dr.ini ie work, 47, .72 
fracture illustrations, ,7 
Pfold in, 22 

"rev, qualili(‘s of, .7, 0, 1 2- 1 7, 4 1-47 
llodi'kiiison’s experiments on, 30- 
41 

Kei p’fl exjierimeiits on, 28-30, 
21-20 

liianj^ane.sc' in, 21 J 
mixtures of, 47-72 
j)ip(;H, introdiietioii of, 3 
pbosphorns in, 20 
ral(i of cool ini;, < tfcct of on, 17, 2I‘, 
GO-08. 707 .723 

ronudfiii;;, effects of on, 10, ,72 .70, 
7tM; 

scrain 10, 24 

B(‘a Water, < ffi c,ts of on, 0 
hbrnika'xc of, 30, 328 
silicon in, 18 
silver in, 22 

sr»lidif>ing jieriod when cooling 20, 
Spicgcb ison. 51 
strength t)f, 31-47 
sulpliur in, 10. 27, 28 
Hiiriacc appi*aranec when molteii, 
8, 23 

teuMle strerigib of. 32. 1-1 17 
tin 111 , 22 
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(I'st or j)i;; iron (nonlitivt ^) 

traiisver^o strou^tli of, ;J2, 44-47 

c'\|n nnKMits’ on, 2(1-28 

varioly of, o, G, 1.% u.'i, 54 
(^nst ."Icm I, Gl7-i'iU 
ofiiljon in, 02G 
(^iictiot proci-HH for, 019. 020 
romposiiion of, or analy'-iK, (;29 
(•ni(‘il)lo funnier for, 020-022 
fuel ronsiimptioM to ])rf)(liK*o, 023 
fninaccd for 02(Mi29 

Jliniloo profess, 017, 01 S 
llnni'^inan pr<M»(‘ss, 01 8, 019 
iiK llinj^ j)ro(*es3, 022, 0215 
Mnsliet process for, 019, 020 
proicss (»f CO liver. -lion into, 029-031 
Keaninur, 018, G20 
Sii iin ns’ fiirniiee for, G23-027 
'I’liwaites* furnace for, G27-G29 
TJclijitiiis’ process, G20 
Wootz, 017,018 

Caslinic, lupifous vapours produced, 391 
condensers, IS 

oonsideratiori of details, 107, 408 
construction of sainl betl for, 33G- 
338 

cost of, 700-712 
crystalline formations in, 58 -08 
cylinder castin^^s in loam, 420— 12G 
eilect of thick ness, 9, 13, 44 
for eohiinns of enujincs, 48 
for lorpi^o boat engines, 19 
]io11(»\vB and cavities in. 31 
inmu'diato nrran;>;cments for free 
contraction after, 419, 133 
in lead, 4 13 
in tin, 443 
III zinc, 1 13 

intnnal stre.ss in, 28, 03, 04, 322, 
323. 511, 521 

bet'.s, 008 

jnalieablo enstin" ])roecss, 521 529 
Moiris Stirlinj^ j)roi'i.sh o(. 52 
procivB of, 391 

iiin dii(‘cl from th(3 blast furnace, 57 
spur win el, 18 

steam ey 1 inders i n 1 oam , 4 8, 1 20-4 2G 
steioo plates, 722, 723 
\v( i^dit of, MG. 147, 727. 7:5 ). 731 
willi bead of ]»ressure. 35 l 5, 357, 505 
with large heads Ibr soli^litv, 39, 
1528 

Casting on to other metals, 5:52-539 
deterioration by, 532 
iron and gun-metal. 537-539 
Moline’s proccfS for cabling on, 5:53 
ornaments east on, 5:5 1 
sharfuiess of. 20 
steel and cast-iron an\il.s, 535 
AViIli.s’8 process for pr/ pcller 
bhidis, 5.50 537 


Casting on toother metals (coni inurd) 
wrought and ca-xit iron wiinlow 
frames, 532, 5:5:5 

Castings, contraction of, 25, 20-31 , 275, 
;520-33l, 730 

for h>dranlie pressures, 47, 52 
in ripen sand moulds, 331 -.330 
construction of sand bed foi, 3:50 
Catal.in iincess for iron and stud, 
1, ‘2 

Celsius tliermomcter (Centigrade), 1 92 - 
194 

Centigrade thermomoti^r by Ci bMiis, 
192-194 

Centre blast, for cupolas, 132-130 
ellioiency of, 1,31, 135 
gas priKliicers with, 95. 9G 
Cr'Titrifugal force of air, 2115 
Chain hooks, 014, 015 
Chairs, chilled railway. 500, 510 
Cliamberlain and Smith's phitc inoiildH, 
4:57, 438 

Chaplets and core nails, 318 :>5:5 
cast iron, 349, :55() 
failures due to, :>51-;553 
in.illeable iron, 319 
mctliods of bimling. :5.')2, 353 
screw studs for, :5r)l-;>r):5 
sizes required, .351, 352 
spernal iorins of, :55() 

Cliarcoal, 70, 78, 79, 99 
produetion of, 7.8, 79 
Chaiging a rr'veibcratory furnace, 175, 
177,178 
doors for, 177 

for re-melting gun-mr-tal, 178 
tin to be addivil, 178 
zinc to be added, 178 
of cupolas, 1 1 8, 1 21 , 11 0 
iininber of men n quired f.»r, I IG 
idatl'orm lor, 111, 115, ID* 

Cliimot steel proe(‘sH, 019 
(Jlicrry-tree wood ])aiti‘niB, 2(J7 
Ciiill castings, 505-523 

Aiiieriean plan for railway wheel.'!, 
518 523 

and east steel, 518 
and white iron, 505 
casting temijer.ilnrt* for, 51.5 
ehangcB after casting, 510, 517 
dejiih of chill, 51 1 
elTt'cts by rate of eotd ng, 518 
effect prixluce l, 5i)5, 500 
fusion of cinlls, 514 
influence of nianganose metal on, 
505 

influeneo on sjiecific gravity, 51 1 
iiidnenee of tliiekness on. 511, 
5J2, 514 

interior surfaces of cliill moulds 
0)1*, 515 



INDEX. 


7-11 


Chill cnbtinf'H ((‘onti nn('d) 

nir)i.sLiii'e lu tilt' inoLildH, 512, 513 
luitfliiiig of cliillii, 51G 

iron suitable for, 51 1, 5 1 (1, 520 
j)n‘|)ar.itioii of moulds for, 513, 
515. 518 

]»roj)iMtiun of cliills, 511 
IMoloclin^ chilla lor, 518 
jMDvi.sif)!! for t'xpanaioii, 511 
j.ii^way cliairs, 50‘d, 510 
railway Avhcol, 500, 518, 510 
ridlfi’H, 507 
CliiiioHo ailvcn, 716 
1 hrdiniiiin in iron, 21. 42 
(Milder j)ii^ iron, 20. 21 
( !irid« H. iiroiia of, 725 
(Micuhir |d;ilo (•a.'^tm.L^^, 03, 64 
(Mh‘ jionlii ])r(K-OfS, 051 
CliiN, ri'fiMcioiA, 205 221, 225 
action of coke in, 215 
assayinfi: ol, 213, 214 
oonti action of, 217 
or.ick ind n ation.", 215 
(•rnciblt*.‘> of, 225-232 
dryinc; hu< 1 loinpoiini^ of, 216 
oxcoMH ot ."ilica in, 213 
(•xj)}in.sioii of, 217 
for tirO'luiL-k, 21 1 
for loam, 201, 205 
gcMKial clnir.K'torihtica of, 212 
^rapliitt in, 215 
iron in, 213 
ijin^'Ui Hilt in, 213 
wntiT and, 233 
(’barcoal, wood, 76-70 
(■loaners, inonblers’ tools, 318, 319 
Cleaning: and tiros.^iiig castingi}, 672- 
oiiO 

cm cry atones for, ri77--681 
griiidiiif^ uiacdiino.'^ foi, 675-677 
pnciiinatic chipj^ing hammer, 683- 
685 

revoh in barrels for, 082. 080 
Bi9ud l)la."t apparaiiiH. 686-688 
steel lirnshes lor, 077 
with lib's, 071 
Clearance in nionhl.*', 271 
Clevel.iinl i>itc iron, analysis of, 13, 20 
(JlnirtOnne work in bronze, 053 
Clo.se-;j:raiiK’d castings. 51, 52 
(3ntch hooks, 615, 616 
Coal, 77-86 

analysis of, 76 
antliraciUi, 77 
ash in, 77 
bituminous, 77 
nakini;, 77 

ealorilic power of, 73, 77 
earhoii in, 77, 76 
clear hnininfi:, 73, 77 
cokiug of, 77, 78, 86 


Coal (conlinurfl) 

eoInbu^tlon of, 73. 185 
c«)m|)i(‘h.sive rrhi."t,iiiL'e of, 77 
cost of, 69!), 7t)() 
decrepitation of, 77 
distillation products of, 82 
dii.>t, 308, 301 

lor reverberatory furnace^, 171-173 
hardness, importance nf. 77 
inea^nre.s ."and fioiii, l(i3 
moisture in, 77 
}uiiiiar\ ijiiality of, 76 
Sfoteli, quail ties of, 85, 86, 87 
sul[)hiir in, 76 

velalile matter in, 77, 81, 85, 86 
Wel-li. qualities ot, To 
Coiled tti>en s, 138 
Coke, 77-85 

advant.ij^es of, 78, 85 
anal \ SIS of, 86, 87 
ash in, 86-88 
breeze from, 82, 113 
b\e-t»rodiii:t8 from coking proces,", 
*83 

eolumimr strueliire of. 82, 87 
from gas works, 87, 88 
eomhustible iierceiitagi; in, 86, S7 
conMim|)tion of, in a ciqMila, 100, 
1 55 

handling of, 82, 142 
hardness of, S3 
highest (pialiry, 87 
maniifacliire off 7‘.)-S5 
moisture in, 78, 86-88 
pereentau'C of, fioiu coal, 8,5 
physical ])i*nperties, 82, 85 
stieiigth under erushing, 83 
Cold blast pig iron, 13, 45, 40 
analysis of, 13 

mixtures with, addition of, 40 
strength of, 45 j 
Columns, moulding of, 370 1572 
Comhu.-tion, 60 
complete, 73-75 
tlifferent furiiis of, 71 
heat develoi»ed by, 73, 75 
heat wasted, 85 
in n cupola, 123 

maxiiuMiu temperatures produced 
by, 186, 101) 
partial, 73-75 
products of, 60, 75, 123 
qii.iiitity of air required for, 75 
late of, 60, 70 

resultant temperatiircM, 70, 186, 100 
under pressun*, 181-185 
weight of pied nets of, 75 
Consiinption of fuel for smelting, 72 
in a cii|)ola, 100, 155 
Cooling castiri.;H, 60, 67 

ell'ects of, 60, 63-68, 505-523 
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Copo f'f :i lu' nl»l, H8, 12«i, 42'J 
r lor bidiizc, ;{4i) 
in iioii, oflccts of, 22 
hkIb, weight of, 725 
tuyeroH, 12S, 189 
CoritfiiolioM, (‘ffcctH of, 820-931 
frootl >111 of, 821, 828, 831 
Jlddiii.in ])IiLii, 828 828 

in ofisliiiL: platfB, 824, 325 
ill Hat (liHcs, 829 
iu iDOnldiii^^ boxrs, 825, 82G 
in puUry caHtiiifjfs, 320-822 
ill Hpluincal hliolls, 828 
in wlieol caHlinpfs, 275, 270, 328 
thu‘knoKM vorijitioiiH, c-liVct of, 320 
Cori!-l)ox(.'fci for Btcum cylimlor iiarts, 
420, 421 

lor wlitjcl armis, 488, 489, 503 
Core |»riiit8, 872 

for bcllfl, 007, 008 
for OrsiBw, 291, 085, 080 
fir line ait work, 050-057 
lor btiitiieH, 054-057 
Cores, eoiiHlriieiion of, 331-886 

bar tresi-els for niakinp: loam, 347 
bars for stiengLlicninjj, 348, 314, 
405 

bent eoro-iroiH for, 881 
buoyancy of, 858-802 
eal'Uilalion for upward tendeney 
of, 850-85S 

c'on.-tiiictioiial details of sand, 338 
liftiii'j: r« ds fo^ 885 
<lele(Jtive cori*s, 844 
for iiydraiilie cj lindors, 359-802 
mabn ials of construction, 291, 292, 
881 -880 

of loam, 818-848 
rtl liive buoyancy of, 355 
scMting of, for hydraulic cylinders, 
359, 3(^2 

B[»c*cial gratings for, 334-335 
eix'cilic gravity of, 355 
htraiglit cores, irons for, 332, 333 
Bubinergeil, 858, :i02 
sweeping boards for, 347,415, 410, 
420, 421 

unbalaneed areas, 350-800 
upN\ard tendency of, 350-302 
veiitilat'on of green sand, 838-343, 
402, 107 

Cornish cnvibles, 220 
Cost of inunagcnu'nt, 707, 708 

of monltling and casting, 098-708 
of pattern making, 70S 710 
of sumlry charges, 707, 708 
rates p(‘r cent, for buildings, &c, 
705-707 

Cotlon-r ipe diiving geir, 58G-002 
Cowper’s chill-cn.'-ting process, 509 
Crane ladles, 5l»9-57tj 


(..'null's used in fniiiidry practice,577-01(T 
clutcli fur eliuin, 015 
cotton ropi' driven, 580 
double hook for, 018-014 
diiving gear for, 580, 002 
efficiency of, 018 
electric travelling, 000-0 J 3 

— motor ^p(■eds for, 008 
general ariaiigeinent of three 

motor electric, 009 
guides for rojie gear in, 000-<;01 
band-power, 588, 577-579 
liyilraulic iiowcr, 581 
old form of timber framinir, 579 
overhead travelling, 588-587 
rope speed for, 599 
Bipiare shaft, driving gear for, 581 
BUirting gear tor, 598, 595, 587 
sle im power and stei-l frani'iig, 580 
steel wiio rope drive fm*. 002 -Ooe 
Bwilch for ojieiatiug tliiee motor 
ell ctric, 01 1-018 
travi lling jib, 595-002 
tiuvelling Bpced for, 010 
wall, tixings for, 577 
Crucible, cast-steol, 017-020 
fnrnaciis for, 020-020 

— old form of, for, 021 

— with Siemens’ regi'iierators, 025 
Crucibles, 210, 225-232, 022 

Ikahn, 220 
composition of, 226 
('oriiisli, 228 
French, 228 
He.-'Siaii, 228 
London, 228 

moulding machine for, 230-282 
Musi let's, 220 
origin ot the name, 225 
platinum, 228 
jdumbago, 220, 227 
Shellield, 220 

fatcel melting, 220-229, 020-025 
testing, 227 
tongs for, 018 ' 
various dimensions of, 228 
various forms of, 228, 229 
Crj'btal lisa lion in castings, 58 08 
consideration of, in designing, 
.■)8-08 

defects due to, f;8, 04-08 
ellects of air-cooling on, 57 
ellect of waler-cooling on, 07-08 
formation of in cylimU r eastings, 
04-07 

for.mation of, in il.it plates, < 3, 
04-08 

reruedios against the bud eifeeCs 
of, 05, 00 

Crystals, group of iron, 59 
mraijgenient of, 01-08 



INDl'X. 


713 


Crystals (rn)iti titled) 

iiiuUfiihir of, 50 

latc of coolmji;, effects on, (J1-G3 
sliapo of iron, 50 
Cupola fiiTTiafes, 1(53 

air (listiiluitioii valve, 115, 141 
an cscaiM* valve, 115 
air ( xcess in, 1(50 
air presBUio for, 117 
Aiueriean tlrop-door, 112-12(5, 133, 
ni-N4 

Idast main, size of, 1 15 
capaoily for metal, 145 
<'entri‘ Mast, 132-135 
clisirf^injj: of, 117-121, 142-140 
cliaruiuir <looi. 111, 112, 210, 220 
cliai^nu'^ platfeim, 110, 142, 113 
coal (lu-t iiijectioii into, HO 
com'uistioii, rate of, in, 117-123 
comi).ir.iti\e cllicuiucies of, 120 
coiistiiielioiial details of, 114 
c« mtiimoiis working;, 1 J 2-1 1 0 
Doherty j»nK'ehs, 135, 130 
drop d(M»r jirran^i riieiita for, 112, 
120, i:’»l, 133 

details of, 142-14 1 

fuel ellicioney trials, 122-124 
p'lierally, 130-138 
CJreiiier and Erpfs’, tuyers for, 
122-125 

liearili, dimensions of, 118 
llratonV, I 12 

Herheit// sh am jet, 120, 130 
hot blaf't for, 117, 148, 233 
h\drinlic lift for cliar^j^ing ina- 
ti'idals, 143, il!>5 
id(;al torm i)f, 150 
In4.m«l’s, lo7, UlS 
Jvrijrer’s, 102-105 
lif^^ldiiif^ lip and starting of, 119, 
120, I 11 

lining <.f. 121, 122, 147, 148 
]yia(4venzie’s, 105 

manual labour ictiuired for cliarg- 
^ iug, 1 10 

melting, pmirressixe stages in, 120 
old rcetangiil.ir, 101 
ordinary duiduMlci set, 114-125 
jdugs for ta-ppmg boles, composi- 
tion of, 207 
portable, 113, 114 
j)n‘caiiiion‘'' witli drop doors, 12(5 
]U*i»diiels of combustion in, 123 
jjroper sliaiu* of lining,! 12, i 18, 1 17 
raking out or einpl\ing of, JJO, 
112 

rale r>f ineKing iron in, 1 IS 
re)iairinir, liniiig, I 12 
bcalfolding or choking of n, 118, 
120,127,110 

size of blow el s for, 115-127 


Cupola furnaces (nmtiuutd) 

slag prtu laced, eomptjsilion of, 
150-152 

— formation of. 151 
Stewart’s r.ipid lorm of, 125 J29 
lapping of, 145 

tlieorelieal consid^'ration regard- 
ing, 155 

cnmlinstion in, 155 

fm 1 ictjuired, I ()3 

losses iniaYMidablc, 158 102 

tiiyores, area lor, 115, 13S, I in 
Voisin’n, 1 12 

wear and tear of tilling, 117, 122 
117, 153 

^V luting, form of, J 30- 1 32 
Wooilward’s .steam Jet, 1O0--1J0 
zone of liKsioii in, 122, 127 
Cycloidal curves, 4»i5 

euU'-tiuctii'n of. 108, 4(59 
path of <ontact hy eveloidal toeth, 
1(50-172 

railial thrust due to eveloidal 
tectli. 471-473 

rolling circle for producing, 4(57 
tt'olh for wheels, 4G4 173 
Cylinder c.isling'i of, (5,3 07 

iron mixtures for marine, IS, 40 
inonlding of ,steaiii, 420-420 
sbriiikago strains in, 327, 5128 


Dalton’s experiments with dry air, 
541 

Daniell’s pyromid-er. 105, IIKi 
Deal wood for pattein.", 2(50 
Defects in eastings, liliiug up, 5559, 
540 

Designing casting.s, 58-08 
Dinas bne.k, 207, 208 

binding material frjr, 207 
composition of, 207^ 
beat, conduct ivily of, 207 
wearing rate of, 207 
Dished cast-iron utensils, 5581 
Dodd’s case haniiMiing furnace, 530, 
5541 

charging allernat< ly, 531 
dimensions of, 5550. 531 
general arrauge.meut of, 5550, 5551 
time recpiiretl by, 531 
Doherty’s cii|K)la system, i:>5, 1510 
ellVcts on iron bv, 135 
clliciency of, 135 
reaction on iron by, 155 
Double slirinkage, 278 
Downie’s moulding machine, 441-413 
Drag box part in monhling, 5513 
Drtssing aiid cleaning castings, 072- 
(590 

brass castings, 05555 
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DlcSHiiig ((uniii'nntd) 

emery btono compoaition for, OTT- 
OS I 

Rrimlinj? machines for, 075-677 
piicuinatio appliances for, 08:1- 
090 

pneumatic cliippiiig hamincT for, 
0iS2-0tS5 

rcMnoval of sand, 072 

baud blast appurutiis, OSO-600 

and rt‘Vol\iiig barrel, 528, 

0S8-09O 

stc*(‘l brnslies for. (J77 
I)ry band inixlfires, 21)2-20-1 
cost (»f, 701-700 

tliyoig.elleets of, ill foundry stoves, 
;V12 

l>iy sand moulding, 408 --111 
blai King «)!', 298 

ciiKtiiigH proiiuec'd from, 410, 411 
cxtiii handling rctiuiied, 410 
time for drjing, 4oi) 

‘'tivngili of uimild produced, 411 
Di) nil pi< cc.-'B foi <lr}iiig, 511, 542 
Diilioii’s cx])eriuK-uls with, 511 
heating i>y rogeiiei alive K}siein, 
552 

water liehl in Misp« nsion hy, 512 
Drying stove in foumlry, 541-500, 003 
carriages for, 515 

combust inn of gaseous fuel in, 
554 500 

gnseons Inel for, 55-1-500 
lient currents, ilirectioii of, in, 546 
ordinal y t\pe nf, 514 
])oi table dry uir typo of, 549-551 
Dull metal, 07 


K(H;i:\Tui(JiTy of fans, 243 
Kb ctiic, tra\elling eranes, 000-013 
mecbanical ellieieuey of, 013 
metallic BNNiteJies for operating. 
Oil OKI 

single motor s>slem for, 007 
spei-ds of diilercut operations, 
010 

threi- motor system for. 007-013 
octiical pyrometer, Siemens*, 202- 
201 

re&islunec of eondnetors, 202 
inery wlu*(*ls. 077 081 
compoMtioM of, t»77-078 
conditions, best working of, 079, 
tiSO 

grinding iiundiines with, 075-677 
sjieed for grim ling, 079 
r.iK'rgy of nutter, 70, 71 
Kpicycleidid curve'-, lO,"), -H50, 173 
inelhod ot tlr.iwiiig out, l(-5, 160 
spur teeth to: mud trom, ltd -173 


Kxpaiiding nu-tils, 717 
KspaiiAioii oi cast iron, 20, 27, 513, 
734 

Keep’s experiments on the, 25-31 
■West’s experiments on« the, 20, 
27 


Face lathes for pattern making, 280, 
281 , 
Facing sand for grceii-sand moulds, 
289 

composition of, 290 
cijht of, 701 

for bronze (tasting, 052 
infusible, 309 

Falncidieit’s thoiniornetcr, 193 
Falkiik moubliiig s.iiul, 287 
Falling cupola bottom, 120, 131, 183 
llerlx-rtz, speeiai foim ot, 130 
j)r- cautions with, 120 
Fan.-, 231-219 

A land’s form of, 240, 241 
common foim of, 230 
dimensions of, 214, 217 
ex])ei iineiital results irom, 245 
high pressure, sjarial form of, 249 
Lloyd’s form of, 237 
Mtu'iu's exjKjniiieutH wilb, 231 
Sebiele’s form of, 23S, 23!» 
Sluitevaiit’s form of, 239, 240 
velocity of impeller, 212. 217 
Fans and blowers, compared results, 
202, 203 

Feeding gates, 390 
Fender moulding, 384 
Fettling and dressing c.is1iiigs, 072- 
690 

Files for dressing, 074 
Filhls, leather for pattern inakiie/, 
282 

Filling-- up alloys for holes in a easting, 
540 

Fine ait bronze work, 050 057 
Fire-brick, 205-224 

crushing n'sistance of, 221 
for cuj)oIa lining, 13)0, 137 
iron, t fleet of in, 218, 037 
lumps, 137 

piiysieal ({ualitics, 220 
biz(;s, 224 

standard shapes, 224 
Fire <lay, nuxtures of, 1S7, 290, 297 
erueildes of, 210 

deleterious cfl'ects of iron in, 218, 
037 

Firc-i daces, bricks for, 221 
Flume luinace.s, 29, 109- 181 
Flask and boxes, 312-317, 019 
F'iai disc, shrinkage stiains on, 329 
Flat muuMiijg, 372-377 
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Fletcher’s bniss melting furnace, (III 
eoinparutivc result-!, G41-G13 
fuel cunsunied in, G-1I5 
nile^of melting in, (112,643 
Flntjition of cort'S, et(‘., 310, 407, 411 
Fluidity of cast iron, 7, 23, 51 
FI 111 Oil column, Tiiouhlmg of, 370-372 
Fluxes, advantages of, loO-liVi 
eheniical reactions with, 151 
Itu. »T spar, composition of, 152 
tusible slag, without addition of, 
150 

lime llus, jireeuutions and clfeets, 
153 

ipiantity of llnxes nsc!l, 153 
4 unntity of slag pi(uUic*‘il, 150 
used, in eiipola pi notice, 150-155, 
7;i 1-732 

F<m<lerie a Calebnsse, 161-168 
I' lifil-poiiinls of vv!>rk done, 70-72 
I'Nuinilations for hlowcis, 261 
for cnpJila, 1 M, 115, 141 
foi emery gumling m.iehincs, 679 
Foundiies, early examplos of, 3, 601- 
606 

aimenliiig room, 603, 601 
aj)]>JiaiieLS in, 577, 567-576, 611- 
616 

brass c-n^iiiig for, 632-610 
eleaning and dressing-ioom, 690 
eore oM Ms, jmsit ion of, 603 
emne airaiigiiinents in, 577-616 
eupol.is, positum of in, 602 
lloor ]»iates for, 602 
general airangt iiieiils f»f, 601 606 
joh])ing ioiimlry, 691-606 
mariui' woik, eastings for, 696 
pit arrangements in, 561-566 
proper situation for a, 563, 601 
railwa\ wlieel n'lnuby, 691-691 
railway wlieci testing in, 604 
ventilation of, 6l»2 
Foundry, airangemenls of, 601 -60G 
Foirtidiy cranes, 577-616 

eotion rope, g(‘sircd, 584-586 
eleetric power eianes, 666-613 
Jiaud-power, 533, 577-579 
hydranlio power, 581 
luetaliic s\vileh(‘s lor operiting 
thrt‘e motor j'leelne, 611-613 
wpiare slial't goarid, ;')8 1-586 
steam power, 5M) 
steel Wire rope, geared, 602-606 
three motor eleetric crane, 606- 
613 

Foiindiy inm, 5, 16, 1-57 
composition of, J2-J5, 24 
dircet easting from Idast furnace, 
etVeeta of, 57 

eacii eUimiiit, m separate cllect of, 
41, 42 


Foundry iron (cont/nueti) 

fer ro- si 1 iivu i , e 11 ect o fin, 24- 5 4 
Keep’s experiments on, 24-26, 25, 
28- 30 

mixtures of, 47-52 
remelliiig effect of, 52-56 
Btronglli of, 32-17 
Bulpliur in, effect of, 12-15, 10 
27-170 

West’s experiments on, 26-28 
Freiieli moulding sands, 287 
hronzi'B, (151 
crneihlos, 228 
Fuel, 60-08 

ca rhon, imrc, as, 73 

caluritic value by combustiiai of, 

155 

comhustioM of, 71 
— lu a cupola, 123 
composition ot, 155 
consuiiiplion of coke in a cupola, 
128, 155, 156 

desei’iplion or delinition of, (>9 
for drying stoves, 511-560 
for iiuitiiig brass, 638 
lor ri'Verbeialory furnace, 171, 172 
gaseous, 8S 92 

— production of, 80-01 

beat lost per pound ot finl, 156 

in smeltiug, 71, 72 

incomplete combustion of, 156 
proiluets of eomluistion, 123 

— beat carried oil’ by prudnets of 

combustion, 156 

tbeoreti(‘a] cstinntc of quantity 
reijuircd in a cupola, 163 
weiglit of ju'oducts of combustion, 

156 

Furnaces, air or i-everbiMiitorv , 160- 
185 

high pressure, 1 82*1 183 
Furnaces for melting brass, bronze, Xc., 
638-616 

Bickford’s oil crucible. 61S-645 
excx',8sive waste in, 170 
Fb tclier’s crucible. 611 
oil fuel list'd in, (j43-647 
ordinary typo for enieibles, 638- 
646 

rate (»f ineliing in, 641-617 
relative ijuantities of fuel iistd in, 
for, 611-617 

Kt'se’s oil furnace for eiueible, 6 16- 
617 

Bose’s oil rt'verboi atory , 6 16-6 1 7 
Furiiuees for r< un iting iion, 018-119 
ela-silieatioii of. 00-166 
crucible. 6:18-616 
cupola, 166, ItH-llO. 163 
n'vorberiitory or llame, lOO, 160- 
Ibo, 627 -tiOi 
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FulIHH•eBf()rrt.^^le^tiDg iron (roniinued) 
SinnoTm* regenerative gas cruei- 
])le, 100, 021-025 

Tliwuitc’H regenerative steel rt*ver- 
beratory, 027-(>‘.3l 
F ubioii zone in a cupola, 122-127 


(lANisTRi^ 208, 408 

binding umtcrials used for, 208 
compo.silion of, 20S 
ff>r cupola lining rcjiairs, 208 
(JjiH producer, 80 

cenlri‘ air blast in, 05 
coal, consumption of, in, 98 
coal, quality of, used in, 89 
Da w son’s patent, 9.5 
gas ])rod action, rate of, i?i a, 98 
injection of air and steam into, 
90,91,95 

intensity of combustion in, 91 
wear and tear in, 91 
working details regarding, 97, 98 
(iaseous fuel, 88-91,98 

advantages of, in practiee, 94 
air iiijec^tion only, eftect 90 
caloritic value of, in relation to 
eoal, 99, 94 

eoal, quality and quantity of, used 
for, 89, 98 

combustible, peicentage of, in pro- 
ducer gas, 91 

combustion of, in fouuflry stoves, 
551-501) 

c()m|)OHition of, from a producer, 
90-92 

Dawson’s j)atent producer for, 95 

fioin eoal, 89, 90 

from cok(‘, 89, 90 

lu at lost ill distribution of, 90 

liv<Ii'ogi‘n 1# esent in, efl'ect of, 90, 

■91 

intensity by eornbiistioii of, 91 
nitrogen prcMuit in, ellect of, 90 
paituil combustion of, in pro- 
ducer, 90 

])ro(lu<‘er8 for. 89, 95 
production of, 88-91, 97, 98 
rate of production of, 98 
rt'gemTalive system, importance 
of, SS 

separate producers for, 89 
steam injeelioii tn production of, 
91, 92 

steam, limits to tlie use of in pro- 
duel ion of, 92 

trm])eratnres ]no»luced by com- 
biistioii ot, 99 

total bent developed by combus- 
tion of, 91 
water gas, 92 


Gates for easting, 375, 381, 387-391 
427. 429 

cross section of, 388, 527 
fording, 3J1() , 

formation of, 433 
size of, 388 -389 
Gnuntlett’s i^yrorneler, 105, 196 
German silver, 719 
Germany, sands used in, 287 
Glue ovens, 278, 279 

pattern makers, 271, 278, 279 
Gold ill iron, 22 

properties of, 726 
Granular cast iron, 5 
Graphite, 7, 17, 19, 29. 42, 728 
Grab*, moulding of, 373-276 
Grecu->and moulding, 331-343, 31S- 
361, 3<;2-4()8 
blacking of, 297 

castings produced from, 410-411 
cost of castings made in, 701, 701, 
706 

dampness of mould, 3‘)1 
heavy castings from, 393-408 
mixture of sand for, 285, 290 
uneven ramming, results of, in, 391 
Grey cast iron, 5, 6, 15 
Grajihile, 7, 9, 16, ,108 

max im urn percentage ineseut in 
east iron. 16 

Gold, effect of, in iron, 22 
Greiner and Fipfs’ cupolas, arrange- 
. nient of tuyeres for, 122 

composition of products of combus- 
tion in, 123 

Grinding loam, 291, 30.5, 30(1 
Giiuding machines for fettling, 671- 
675 

emery wheel used in, 677- 68 i 
safety precautions in, when using, 
68*0 

universal surface, G77 
Gun metal, 716 

charging process when melting, 
178,179 

reverberatory furnace for melting, 
178-180 

tuyeses of, 138, 139 
Guns, east-iio:i, 61-66, 327 
Gutters, strains in, 330 


HiEMATiTE for mall(*al)lc eastings, 526 
llanil crane, 577, 578 
Hurd brass, 714, 715 
Head or metal ruuner, 424 
formsition of, 429 
making up, details of, 429 
Hearth of enjioLiH, diiiieiisions of, 118 
firebrick for, 221 
JSet undar “C,” Ciqiolas 
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HeRt,70 

cjipiicity for,of <lilV« r nt iiu 752 
c<)iiv(‘iiil>il ly of, 7o 
, dcvi lopod by combustion of carbon, 
7 :{* 

dynamical theory of, 70 
latent, 157 

loss in cupola practice unavoid- 
able, 158 

ifiaximuin temperatures, ISO-IUO 
lucanurcs of, lS(>-204 
ineclianicnl eipiivaleiit of, 70-71 
meltiiij^ tciu])eratures of metals, 
11)1 

Bensil)le, 70, 157 
Bpceilic, 78, 101,727 
total, rmpiired to melt pig Imn, 
157, 158 
unit of, 71 

waste of, in smelting process, 72 
Heat Inst in ciijiola ])racti<!C, 158-1 03 
abstract table t)f losses, 102 
availalde for melting in a cupola, 
108 

can ied awav in the slag, Kil 
due to water in tiie fuel (coke), 100, 
101 

probable maximnm eflicicncy of, 
in a cupola, 1(!8 

radiation in every direction, 1(51 
M'nsilih*, in pioducts of combiis- 
linii. 158 

Ilcaioii’s cn]K)la, 1 12 
Heavy casting fuel required, 145, IIG 
gieen-saial moulding, 81)8'408 
liclical tnotijrd gear, 470, 480 
angle and form of, 170, 480 
develf)j)ineiit of surfai-es of, 479, 
4S(t 

double, 4S0 
single, ISO 

ITcssian ciucibles, 228 
High jiressiiie blosAer, 250-258 
Higji ]n*ehsure riivmheratory furnaces, 
182-185 

High pressure fan, 249 
HinOoo cast, steel, 017 
llodgkinson’b experiments on cast-iron, 
87-11 

H()i-,t, foundry, 108, 148, r>04, 005 
Hub's in castings, step^nng of, 540, 717 
Hollow castiiigt, stra 111*4 in, 828, 829 
moulding ot, 870, 880 
Hot blast for cupolas, 147, 148 
Howanl’s foundry, 091, 095 
Humidity of sand required for mould- 
ing, 89 1 

Hvdranlie crane, 581 
lift, 108, 148 

Hydraulic cylinder, casting of, 04-67, 
859-802 


Hydraulic cyliinicr {anithnni}) 
mnnldiiig of, 800-81 j2 
main core, setting of. ;>00-802 
picssnio of metal wlicu casting, 
850 

Hydrogen in coal, 70 

eilect of, in gaseous fuel, 92 
in water, 90 


Indian east steel, 017 
Involute curve, 4(i5 

jiath of contact by, 475, 470 
radial thrust duo to, 475, 176 
teotli for wheel gearing, 478-176 
Ireland, moulding sands in, 287, 2S8 
Irehimrs cupola, 107, 108 
Iron, air injection, iiilliicnce of in, 2 
alloys, 21, 22 

boxes or Husks, 812-317, 877, 879, 
019 

carbide of, 8 

carbon, eifects of in, 12-16 
chilled cast, 17, 505, 50(5 
Condition t)f, ill fiigs, 12-15 
ciystallino comjioiinds, 4, 6 
crystals of, in pig>, 0, 15 
drop door for a cupola, 120, 141 
lor chill castings, 511. 516, 520 
clfect of sea water on, 2 
clfeets of cooling casi, 17 
fractures of cast, 5, (5, 9, 11 
grading of. by analysis, 11-14 
grannl.ir pig, 7 
hardness of east, 4 
in lii e-clay, effects of, 218, (5:57 
liquid qualities of cast, 2 
inallealde, effects on by addin 
ol her elements sejiaraU ly, 41,4 
malleable cast, 52^^-529 
malleable qualities of, 12-15 
inotlleil pigs, 5 
ores, 2 

oxide, 154, 155, 218 
properties of No. 1, 2, 8, 4, or foun- 
dry guides pigs, G-9. 10 
pigs for foundry pur])t)st‘s, 5, 16, 
1-57 

— under “ F,’’ Foiiialry Iron 
production of by Catalan jirtices^, 
3 , 2 

puddling process fur production 
of, 2 

silicon and, 18, 25. 54 
spi'cific heat xif, 191, 727 
steely qualities of, 1 
snrhieu indiiMlion when liquid or 
molten, 10 

tenqieratnre for easting, 515 
Vanalions iii ipialily produecd, 8,4 
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Iron ronihiued) 

Weaver's paste, effect of, on, 9 
wliite pig, 5, 6 

Iron caHt in cliill moulds, 534 
ciiill wheels made of, 506 
oompresBibllity of, 38-47 
depth of chill produced, 511 
effects prodiiO(Ml on, 505. 506 
examples of, 532-535, 538 
influence of mass or thickness, 54, 
514, 572 

maDganifcroiis, 51 
metal suitable for, 519, 520 
preparation of mould for, 515 
specific gravity, variation in, due 
to, 5GG 


Ja( 3KKT for a cupola, 148 
Jet ot sleam cupolas operated by, 109- 
112, 129, 130 

Jib mines, 577-582, 595-G02 
Jubson’s mouldiiiu process, 382-387, 440 
' machine for moulding, 443-447 
Journal boxes, alloy for, 716 


KAOfJN for moulds, 435 
Keep’s experiments on iron, 25-29, 
43 

expansion of iron deduced from, 
28, 29 

silicon and strength of iron de- 
duced trom, 43 

K'^tile, moulding process for, 379-382 
Kinetic energy. 70 
Krigor’s cupola, 103, 104 
Krupp’s crucible, 227 


Ladles, in foundry practice, 567-576 
carriages for carrying, 575 
for 2 to 10 owts., 568, 569 
hand or biiiall sizes, 568 
refractory inside lining for, 573, 
574 

skimming automatic arrangement 
for 570 

— by hand, 576 

— amount of collected from, 153 
special forms of, for bkimraing, 570 

571 

details of CMii^niction, 573 

dibcharging process of, 576 

for steel founders, 571 

standard diincnbioiis of, 567 
ti]>|)iug gears for, 569-571 
Laidlsiw’s blower, 260-262 

cross hcctioii of inicricr, 261 
higli i tticieucy of, 260 
pobiti\e .ictioii ol| 262 


Large castings, gatlioring metal for, 
118, 140, H5 

Latiio bed, moulding of, 401, 402 
Lathes for yiattern making, 280, 281 
Leather filleting for patterns, ^82 
Leoinore firebrick, 220 
Level bed of sand, 336-338, 395, 434 
construction of, 336-338 
for open sand castings, 336-338 
spirit level, use of for, 336 ' 

Lifting rods for drawing patterns, 283, 
284 

Lilts ff)r charging cupolas, 108, 143, 
695 

hydraulic, 108 
Light, sensathm of, 70 
Lime flux, 128, 151 
Lime ill fire-clay, 207, 208 
Limestone rock, 151, 210 

chemical changes produced in 
cupola praclice, 151 
loss of weight by its reduction in 
a cupola, 153 

quantity of used for cupola flux, 
153 

Lining for cupolas, 121, 122, 147, 148 
Lining metal for axle boxes, 717 
Lining refractory for foundry ladles, 
667. 573, 574 
Lloyd’s fan, 237 
Lloyd’s tuyeres, 139 
Loam mixtures, 293-296 
black, ijiiality of, 295 
clay water for, 2ii3 
composition of, 293, 295, 296 
cost of, 702-706 
first coat or roughing, 295, 417 
for cupola tapping hole ping, 297 
grinding and mixing inachiues for, 
300-306 

ingredients added to, 294, 295 
niuteriiil for, 413, 414 
mateiials objeetiou ible, 294 
mill or grinding macliiiics for, 390- 
30G 

porosity of, 413 
second coat or finishing, 295 
special mixtures of, 296 
strength of, 413 
Loam moulding, 412-433 
blacking surfaces of, 298 
brick work, details of, 417, 419, 
427 

building rings and plate for, 432 
cost of, 702-706 
details in, 413 
first stage, 417 

large sugar pan, raw process of, 
415 

marine cylinder casting by, 112 
mixtures of loam for, 293-296 
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I.ionm niouldin" (eonthiued) 

p.itJftm tliickiif*8b in, 417, 418,432, 
433 

riaivmiTif]: up pit before enstinpf, 
details of process, 410, 429, 430 
special exaiuples of, 43()-4."13 
sweepinir boards for, 317, 410, 430- 
433, 490 

f used for ovals, 420, 430, 431 

v<*ntilntion of nmuldh, 413, 419 
Ijondon cniciWles, 228 
s.iiids, 287 

liiinips, Ore (day, for a cupola, 137 
Lutes, 732, 733 


Machine framing, burning on, 539, 
540 

Mackenzie cupola, 105 
Magnesia, cab-iniiig of, 210 
in sand, 280 

refrsttJtory materials from carbonate 
of, 210 

Mahogany for patterns, 200, 207 
Main air supply t(? cupola, 140, 243 
M.iin’s pyrometer, 201, 202 
MalI(^al»Io (‘astiron proceS'f for, 524-529 
auiiealing proe« ssfor, 523, 528, 529 
contractions of, 527, 528 
d(5tada of process, 524--526 
<*iir!y ai)pli (nations of. 524 
ell'ects ])rcKluced in, 524 
gates ami runners for, 521 
moulding boxes for, 527 
pig iron, quality employed for, 526 
similar processes, 524 
SI (I all arludes in. 527 
Manganef«e in iron, 21. 31, 51, 52, 505 
jiercentagc of iu iron, 21 
Manganiferous iron. 51 
Matter, energy of, 70 
Mo.iaures of licjat, 180 201 
Melted iron, (|uality of us indicated on 
• the Burfacti of, 10 
Melting all(\vs, 713 
biass, 038, 04S 

cast iion, total lic'at required to, 
157,158 

cast inm in a cupola, 47-52, 101- 
149 

coat of undting iron, 098 
Cost of rciiielting cast iioii. 098 
effect of on east iron, 52-50 
fuel cousimied, 0t3 
furnaces for, 038-017 
points of different metals, 191 
pots or eruei Ides, 225-232, 210, 022 
rate of, 047 

Metal, Dabbitl’s, 7l4, 721 
for bell, Gd5-099, 714 
for tyi>e, 714, 724 


Metals (nnnfhiued) 

Muntz, 714 
runners, 429 

statuary lironzc, 714-718 
■white, 717, 718 

crystalline formations in cast iron, 
58-68 

moulds, 433-435 
patterns, 367, 368, 451, 273 
Metals, composition of, 713, 721 

comparative weights of, 727, 731 
expansion of diffi rent, 731 
melting points of, 191, 714, 727 
mixing of, 713, 724 
specific heats of, 191, 727 
table of cliief properties of, 720- 
729, 730 

temperature, characteristic colours 
of, 191, 727 

Middlesbrough i)ig iron, 47 
Mill for grinding loam, 305, 300 
Milne’s window frame, 533 

chilling effects of and treatment, 
534 

durability of the cast iron. 534 
process of manufacture, 533. 531 
Mixing alloys, 178-180, 712, 714 
foundry iion, 47-52 
Mixing machinery f«>r sand. etc. in 
foundry practice, 300-300 
compur.itive results produced, 301- 
300 

oscillating riddles, 3f)l 

particulars of screen, 300 

speed of, 300 

pail mill for grinding, 305 

dimemsions of. 305 

output from, 300. 306 

weiudit of roller.s in, 3O0 

revolving liddles, slow speed. 302 

output, rat* of, 301 

small size. 302 

8p(*ed of, 301 

with continuous ft^ed, 302 

sand disintegrator, high-speed, 303, 
301 

Mixtures of cast-iron, 47-52 
Mixtures of iron for casting, 41-52 
Modelling for brass, 033, 034 
Morgan’s crucible machine, 230-232 
Morris Stirling process, 52 
Mottled pig iron, 5, 15 
Mould for crucibles, 229 
Moulders’ tools, 31.S-‘;2(), 049 
Moulds of metal, 433 J35 
Moulds, drying proee.s.s, 511-500, 09.‘» 
ef refractory material, 135 
Srfi umhr “ D,” Drying Sinvc ^ 
Moulding boxes aud lluoks, 312 .‘*17, 
320,049 

plates, special forms of, 324, 320 
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Mould in cost of materials, etc., 
r»97-712 

nvora^e rates for labour, 705, 706 
blaekiDf?, 698, 699, 706 
black sand from floor, 701-704, 
706 

coals for drying, 699, 700, 706 
current prices taken, 710 
dry-sand mixtures, 701, 704, 706 
facing sand for green-sand process, 
701, 704, 706 

— for drv-sand process, 702, 
704, 706 

loam and brick structures, 702, 
704, 706 

loam for facing, 703, 704, 706 
pattern making, cost of, 708, 709 
precautions rc^quired in casting, 711 
remelting pig and sorap, 638, 706 
store keeping, 711, 712 
various charges, 707 
variations in costs, 710 
Moulding, flrst principles, 362-367 

simple examples of, 363 

axle bushes of cast iron, 376 
boxes for, 312-318 
comparison of different processes, 
410 

crucibles, 229-232 
cutting pieces, use of, 309, 370 
Downie’s process, 441-443 
fluted colutnu hollow, 370-372 
from shell patterns, 367-368 

— ring shells, 368 
grooved pulley, 365-367 
heavy grecn-ssmd, 393-408 

dry-sand process, 468-412 

engine bod-plate, 394-401 

lathe bed, 461, 462 

with dry-saud cores, 402- 

40 ^ 

hollow castings, 379-387 
hollow sphere, 363 
Jobson’s process of, 382-387 
jointing of box parts, 342 
laying down boards ibr, 308 
machines for, 440-456 
machines for crucibles, 230-232 
octagon panelled column, 372-373 
open-sand moulds, 336-338, 395, 
434 

pipes, short lengths of, 368-370 
plate patterns for, 436^40 
register grade, 373-:i76 
sjiecial raetliods for, 433-435 
steam cylinder in loam, 426-427 

— boards for sweeping up pro- 

cess, 347-415 

— juts requiiod for casting, 426- 

436 

— pnx•e^s geiieially, 412 433 


Moulding (ermfinned) 

stt'iini process, ramming up details, 
429-430 

Ihree-leggod pot, 379-381 
tools for, 318-320 
toothed wheels, 482, 457-504 

early methods of, 482 

various forms of sand rammers 
for, 319 

with three-part box, 376-378 * 
Wo<dnough*s and Dchne's system, 
447-456 

— pivoted plate X)(^ttcm for, 419, 

456 

Moulding machines, 440-456 
Downie’s, 441-4.13 
Gritzner’s, 455, 456 
Jobson’s, 382-385, 441-447 

— rate of production in, 446, 447 
ramming up with power in, 456- 

456 

— — with air pre'-s, 450-456 

— — with hydraulic x>rebs, 450- 

456 

with steam press, 4.50-156 

sand moulding machine, the Glas- 
gow, 450-455 

Woolnough’s & Dchne’s system, 447- 
456 

— l)i voted plate pattern for, 449- 

456 

Moulding materials, 285-300 
blacking, 306-308 
boxes and flasks, 312-317 
coal dust, 308 
core gum, 368 

bay and straw ropes, 300-311 
mixtures for loam, 293-296 
sand for, 285-288 

cost of, 700-703 

sand for green-sand, 288, 289 

dry-sand process, 292-294 

sand for steel moulds, 309 
terra flake, 308 .i 

wood wool ropes, 310, 311 
Mimtz sheathing, 714 
Mushet’s crucibles, 226 


New red sandstone, sand from, 206 
Newcastlo coal, 76 
Nitrogen, in coal, 76 

absence of, in water gas, 92 
cftect of, in combustion, 74 
in air, 74 

in producer gas, 92 
sped lie heat of, 72 


Oak charcoal, production of, 78, 79 
bluekiug produced from, 307 
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Oc<a:j;onal pnTioIli ^l colunni, mouldin'; 
of, 

Old (‘U(ioJ.% iorms of, 101 
Open flflnd imiulds, 434 

njaWnj; bed for, 330-338 
})iU, 501-503 
Bpray tuyeres, 1 39 
Ordnance ciiBtings, 04-00, 327 
Or-molu, 718 

Orna.fn ntal castings, 7, 51 
quality of iron for, 7, 51 
f) veils, for annealing castings, 521, 
093, 094, 

or stoves tor drying moulds, etc., 
541-500, 09:i 

Ovens for making coke, 79-85 
A]>iM>lt process, 79 
bee-liive i)roees8^79 
byo-products from, 82 
coke, percentage produced, 85 
coke produced in, t|nality of, 83 
eoustruetional details of, 84 
Coppee process, 79 
increased working temperature, 83 
latest forms of, 83-85 
objiicts to be obtaiiKicl in, 83-8.5 
products of combustion, tempera- 
ture of, 85 

seftaraie combustion chamber in, 
83 

volatile matter prodiiccMl, 85 
waste heat, method of utilising, 85 
Overlicad travelling cranes, 5.S3-G13 
Oxygen, in oal, 79 

its inqiortaiice for combustion, 74, 
90 

percentage of, in air, 74 
speciiic heat of, 72 


Paint for prote(!ting patterns, 270, 271 
Pans, large sugar, mouhling of, 415, 420 
Parting sand, 288 
Patterns, 2GG-284 

black lead, coating for, 272 
cart! <»r in storing, 2G9 
classification of. *-'119 
contraction, allowances on, 274, 
275-277 

cost of pattern plates, 440 
fittings and ajipliances for, 282- 
284 

for brass, 033 

for hollow castings, 379, 380 
glue, quality of, used, 271, 278, 
279 

inaciiiiu‘s and special tools for 
niaUiiig, 279-284 
met,.il, 272, 27.‘> . 

pattern platen, preparing and coii- 
slruelion uf, 13G 110 


Patlerns (coiitimn'il) 

jdato moulding, -130 1 10 

plate pattern^, making ol, 13G-139 

papier-mache, 272 

prepared in loam, 340 318 

preservation of, 270-273 

prints on. for holes, 372 

shell, 3G7-3G8 

shell half-ring, 308 

shellac varnish for, 271 

various materials for making, 273 

weight of castings, relative to, 27 1 

272 

wheel, 2G9 

Pattern, various woods used for, 2GG, 

273 

American white, 206 
beech tree, 207 
Canadian red, 2G0 
charactcrihtic quality of various 
woods, 209 
cherry tree. 207 

details, particulars of. See undrr 
“ W,” Wood for PaticriiB 
mahogany, 207 
pitch piius 2GG 
remelting, 098-706 
spi^eific gravity of various woods, 
273 

white pine, 266 
yellow pine, 20G 
Patti “iTi makers’ tools, 279-284 
glue pot, steam heated, 279 
lathes, ordinary, 280 
— for facing, 281 
leather slips for filleting, 282 
lifting rods, 283-284 
metal dowel jiins, 2'^3 
rapinng plat«‘S of iron, 284 
universal trimmer, 282 
Peasemcal, use of, 370^395 
Peat ns fuel, 173 
Petersen’s pyrometer, 194 
Pewter, 714 

Phosphor bronze tuyeres, 1 38 
Phospliorus in iron, 12-15, 20-21 
Physii al projicrties of firebrick, 220 
Piece mouhling, G5G, 057 
Piftin blower, 257-259 
efhcieney of, 257 
particulars, table of, 259 
section of, detailed, 258 
slip, amount, ot, 257 
Pig iron cast in iron moulds, 151 
chilled effect of, 151 
object ol, 151 
Pig or cast iron, 1-08 
Anifiican, J4 

analysis and grading of, 11, 14 
bieaking iiiiednni*, 1 19 
<‘arbon, iiiibieiici ol, 12-lG 
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I'i;; ov oast iron (cmiltnued) 
cast ill iron moulds, 151 
ciniraolcrifttic properties of, 4-10 
cliibsifioation of, 3-15 
crystals in No. 1, 15 
d«■oarboni^in^J of, effect of, 1-4 
diffr-rent varieties of, 4, 12-15 
earliest use of, 3 
early production of, 2 
English, 13, 47 
forge, 5 

for foundry i>iirpnsos, 2-10 
for rnHlleahle eitstiugs, 52(3 
fractures, illiihtrutioiis of, 5, 6, 9, 
11 

gcnernlly, and effects on. See 
under “I,’’ Iron 
giey, 5 

heat re()uirod to melt, 157 
li(‘:it, sensible and latont, 157 
mottled, 5 

Nos. 1, 2, 3, 4, &c.. fi-10 
not siiiluhle for foundry purposes, 4 
phosphorus, intluencu of, 20, 21, 
34. 51 

Scotch, 12, 47, 48 
HjWM-ial brsiTid, J 1, 47-52 
sulphur, inllueiico of, 19. 27, 170 
silicon, inHneiice of, 18, 25, 54 
variations in quality, 3 
white, 5 

Pine, for ])a Items, 2(3(3 
Pins, dowels of metal, 203 
core, 378 
gate, 375 
Pipes, cast iron, 3 

bend orsjiecials, moulding of, 430- 
43:i 

conijiosition of miital for organ 
pipes, 717, 718 
fluted, mold ling of, 370-372 
for coiulucnug air to cupola, 190, 
191.204 

mmildiug mncliine, 441-442 
Pits, foundry, 420-430, 5(31-5(36 
digging pri'cnutious, 502 
CMiptying band from, 560 
l{ec]nng dry by pumping, 563, 
5(34 

preparing the sand for, 502 
nimniing up, iletails uf, 429-430 
snhstitiites for, 129, 431) 

BUjijiorting the ndes of, 502, 503 
Plaster moulds, 382 
Plate moulding, 43G-440 
adv.iiitngcH of. 43(3 
patterns. ])roduction of, 390, 436, 
437, 439 

preeautii Ill'S as to clearance. 390 
iiM‘ of. 111 moulding, 324, 325, 390, 
4UJ, 132 


Plates, cast-iron lioavy top and bottom, 
321, 325, 432 
oonstructiou of, 430-440 
flat, strains on, 823, 329 
pattern, 451 ‘ 

Platform for charging cupola, 114, 1 15, 
143 

Plumbago criicibleB. 220, 227 
Pneumatic chipping haiumcr, 082-085 
air pressure for, 084 ^ 

constructional details of, 082-08.') 
dnissing of casting, operating for, 
083, 084 

Portable eupoln, 113 
Potential onergv, 70, 71 
Pots or crucibles, 21 0-222, 225-232 
for steel melting, 022 
furnHccB for Jiielting in, 100, 020- 
(320 

three-Icggod, moulding of, 379- 
381 

Poiiillet’s thermometer, 194 
Pouiing gates, 381-429. See under 
** G,” Gates 

iron, 375, 433, 508, 572-574 
for loam work, 427 

Pressure of molten metal due to depth 
of mou’d, 350 
oast i Mg under, .‘>(15, 560 
Prims for cons, 372 
ProduccT for making gaseous fiul, 89, 
95 

Beraard Dawson’s patent, 95 
Producer gas, methods of ])i o. luel ion, 88, 
89, 95 

advantages by using, 94 
analysis of, 92 
caloritie value of, 93 
coals, relative quantity required 
for, 98 

combustion of, precautions, 98 
composition of, 90, 92 
control of combustion of, 94 
combustion, intemsity of, 91 , 

liyilrogen present, effect of, 90, 
*91 

ligliting up, necessary precautions 
wlieii, 97 

loss of heat by, 04 
nitrogen present, effect of, 90 
piccautions necehsary, 97 
production, rate of, 98 
quality of coal used for, 96, 549, 
55:5, 558 

qiiantily <>f coal used, 98 
steam injection into producer, effect 
of, 93, 94 

toiTiperaturc of, 93 

Products of combustion in a cupola, 
123 

oompositlon of, 123 
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Pulley with groove, moulding of, ‘.IG5- 
307 

shrinkage strains in, 320, 321, 322, 
323 

Piilvcrisefl coal fuel, 149 
Pyrometers, 191-204 
Ihiiley’fl, 197-199 
( 'arsatelirs, 196, 197 
Daniels*, 195, 19G 
(Tftuutlett’s, 196 
Main’s, 201,202 
Siemens* electrical, 202-204 
Wedgwood’s, 194 
Wilson’s, 200, 201 


Quartzite, 206 
Queen’s metal, 716 


Railtkos, cn.^tnig on, 535 
Railway chairs, 509-511 
ciiill pieces for, 510 
chilling process of, 509, 510 
metal most suitable for chilling, 
511 

moulding of, 509. 510 
sj)ecilic greviiiy of cliill parts, 511 
Rail WHY wheels, foundry for casting, 
691-694 

ordinary moulding process, 506 
testing of, 694 

Rakinir out a cupola, 116, 142 

sulxslitute lor, 112, 126, 131, 133, 
112-144 

Ramming blocks, hollow moulding, 
382 

Ramming sand in moulding innchiucs, 
451 

hy power, 151 
haTul r.iiiinu rs for, 319 
ill i»ils, 429. 430 

details of, 429 

Rnm^lHilhaii's ropi* cranes. 586-602 
Rant-ome’s emery wheels, 677, 678 
Reaumur’s thermometer, 192, 193 
Rectangular cupola, KU 
Red brass, 7 1 4, 7 1 5 
Reflector metal, 717 
Refractory materials, 205-224 
effect of alJvalies in, 216 
bauxite, 208 

bricks, properties of, 219, 220 
carbon and iron, effects of in, 218 
cburactei i.'stics generally of, 212 
Din as bi ick, 207 
gunistcr, 20S 

liydrat(*d illuminate of iron, 200 
iiou oxide, effect of, in, 212, 218, 
219 

lime, 210, 218, 219 


Refract* >ry materials (con/yaued) 

magnesia containo*! in, 206, 210, 
219 

potash. <-ffects of, 219 
rocks, 206 

— liability to crack, 206 
siiioa contained in, 206 
8i]icat(‘S of alumina, 206 

— of magnesia, 206 
Regenerative furnaces, 173, 624-631 

for criiciblo steel, 624, 625 
for reverberatory furnace, 627, 62.^ 
for Thwaites* open hearth, 627-6:{l 
Regener itive bcatiug for drying stoves 
552 

Ri'gistering Ihcrmomcters, 194 
Re-heuting furnace, quantity of fuel 
required, 72 

Remelting tii maces, 99-148 
CH})nci1y of, 145 
oln.‘*silicat,ion of, 99 
cupola ordinary for, 100, 101-149, 
163 

Grenier and Erpfs’ .system, 122-124 
reverber it >rv or flame, 100, ItiO- 
183. 627-631 

Sue vndtr ('upola Furnaces 

SD'wart’s rapid cnpfda, 125 
Remelting pig or cast iron, 52-56 

calculated loss of iron during, 151, 
155 

cost of, ill onlinnrv cupola prac- 
tice 122, 123, 12'l, 69S 

— with Grenier and Erpfs’ system, 

122-121 

effect on ultimate strcngtli, 52, 53 

— on deflection, 53 

— on liardncss, 52, 53 
limits to, 51 

piogrc8:-ivi‘ stages while, 120 
rate of reduction, 

Robert Mallet s views on, 55, 56 
seallblding of cupula when, 120- 
122 

Bii(!C(. 8sive tests for fuel (coke) con- 
sumption, 122 

total lie<it required for, 157, 158 
unavoidable looses of beat in cupola 
practice, 158-162 

Repairing cupola lining, wear and 
tear of, 120, 122 

Reverberatory furnaces, 169-184 
advantages of, 169, 170 
air supply, regulation of, 171, 176 
181 

binder’s plates. &c., 176 
brickwoik, joints of, 176 
eba-ging drmr, position of, 175-183 
charging and tajqdng, 177-181 
chief con-'idcijiiioiiH regarding. 170 
chiiiiney art a lequire-d. 173 

3 « 
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Reverberatory furnaces (continued) 
construction, details of, 174 
curvature and velocity, relations of, 
171 

deoxidisinp^ flame in, 160, 179 
dimonsionB, &c. to melt HO tons, 1 75 
escaping prijducts, regnlation of, 
181 

fire-bars for, 175 

lirt-brick, quality of required, 174, 
181 

fuel consumption in, 178 
fuel, (pjality re(iuired for, 170-173, 
178, 181 

fuel, rate of combustion in, 173, 177 
grate area of, 170, 171, 17,3, 177 
heated currents, dctlection of pro- 
ducts, 171-175, 180 
higli pr(*8siire air supjlly for, 181 
oxidation of mutul, ]ireventioii of, 
179 

oxi<lising flame in, 169, 179 
prelim innry bcating-up, 177 
principle of action, 175 
roof, curvature of, 171 
Sicineiis* regenerative process in, 
173 

Riddles for mixing sand, 301-304 
oscillating forms of, 30l 
revolving, slow speed, 302 
— high speed,. 303, 304 
Rings, shrinkage strains in, 326-327 
Rivet metal, 716 
Rock sand, 287, 290-294 
Rodman’s plan lor cooling ordnance 
cylinders, 327 
Ro(ls, weight of copper, 725 
Rollers for plate mills, 507 

casting process for, .'i07, 508 
chilling process for, 507, 5ii8, 518- 
523 . 

precautions at ends and U(!c1vB, 512 
Roptj cranes, 586-608 
cotton, 586-002 
st'-el wire, 602-600 
Ropes, for core bar winding, 309-311 
liny and straw, 309 
hand spinning of, 311 
machine for spinning, 311 
rate of production of, 310 
■wood wool, used for, 311 
Root’s blower, 250-253 

composition of grease for, 252 
early form of. 251 
latest form, 252 
particulars, table of, 253 
section of, 251 

Rose's brass melting fiunaces, 646, 647 
oil fuel, application of, 647 
rate of melting l>y, 647 
Round bars, crystallisation in, 61 


Band for moulding, 285-204 
alumina, effect of, in, 2S6 
Belfast red, 291 
core, 291,292 
dry-sand moulds, 202 
facing, for green-saml moulds, 289, 
290 

dry-sand moulds, '290, 294 

Falkirk sand, 287 
fine art work, 652 
for brass castings, 291 
green-sand moulds, 2S6-288 
Loudon basin, 287, 292 
magnosia, effect of, in, 286 
metallic oxides, effect of, on, 286, 
288 

parting, 288 
rock, 287-291 
silica, limits h), 286 
strong mixture of, 293 
Baud bedlevelling-U[) jjrocess, 336-338 
Sand blast apparatus, <186-690 

air-h)ck saud-feeding arrangonieot 
for, 688 

air pressure for, 686 
automatic arrangement of, 688- 
691 

cast iron, granulated, substitute for 
sand in, 687 
charging process, 687 
helmet tor operator, <^88 
nozzle director for, (JS? 
revolving barrel conibiued witli, 
688-690 

spent sand collector, 689 
waste sand, 688 

Sand mixing macdiinery, 300-306 

comparative rc'siilts from, 301, 306 
oscilliitiiig riddles, 301 
revolving riddles, slow speed, 302 

high speed, 303, 304 

revolving pan mill, :’>05 

weight of rollers' for, 306 

— principal dimensioiiH of, 

306 

output from, 306 

Band Moulding Machine Co.'s mould- 
ing machine, 450-455 
motive forces adopted, 450 
operating details of, 452-454 
pattern plates, making for, 454 
propr)riiuns for, table of, 454 
Sand stone, 206 

Bcaftblding in a cupola, 118, 120, 127, 
149 

liuw formed, 120 
moans for preventing, 149 
position of, 120, 122 
Schiele’s fan, 238, 239 
Schmidt’s pyrometer, 194 
Scotch coal, 85, 86 
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8rot(*]i jjfir lion, 12, 47, 48 
tScott’s wlK'el moulding machine, 485- 
488 

Scmp iron, 10 

SoHboiiiflg timber for patterns, 269 
Sea-water, effi*ct of, yj cast inm, 9 
Shaft slirinkage, strains on, 328 
Sheave pulley, moulding of, 365-367 
ShelTiehi crucibles, 22(5 
Shell* patterns, moulding from, 367, 
368 

Shrinka<:co or contraction of cast iron 
26-31 

effect on flat discs. 329 

— on cylinders, 326, 327 

— on hollow spheres, 328 

— on rectangular tubes, 330 

— on ring castingft, 326, 327 

— on lJ-Hiiii])td guth'rs, 330 
general laws regarding, 330, 331 
holes, due to, 391 

Keep’s experiments on, 28-30 
precaution to allow, 419, 433 
table of, for various castings, 730 
vaiious examples of, 320-331 
West’s experiments on. 26-28 
Sieinons' regeiiemtive furnaces, 100, 
1S2, 183. 623, 627 
ole(;tncal pyrometer, 202-204 
Silica, 207 

hydrous variety, 207, 217 
iu brick, 207 
in fireclay, 208 

in moulding sand, limits to, 286 
Silicate of soda ami banxih', 2o9 
Siliem and iron, 2-18, 18, 25, ,54, 728 
effect of, ,53, ,51 
f(!rr(Ksilicon, 24. 25 
Keeji’s experiments with, 25, 26 
])(!r eeiit. of, in east iron, 19 
Silvisr, effect of, in cast irou, 22 
Silver, Gorman, 719 
prop! rties of, 726 
Skimyiing gates, 388-391 
Slack as iuel, 1 19 

Slack’s emery grinding niucliines, C74- 
676 

Slag from a cupola, 1,50-15.5 

amv>Ui'it ol, priHliieed, 150-153 
breaking up hlag, 1 16 
chemical reactions in formation of, 
150. 151 

conif>oBition of, without lime fiux, 
151 

oom[)osition of, with lime Ilux 
added. 151-155 
fluor si)ar 11 nx, effect of, 1.52 
fusibility Avitliout special lluxes, 
150 

lime fiux. effect on, 157 

lime jiresent iu, 151-153 I 


Slug from a cupola (corUhiued) 

loss of iron, as oxiile of iron in, 1 54. 
155 

oxide of iron picseiit in, 154 
resulting from the asli of the coke, 
155 

from a reverberatory furnace, 
melting brass, 180 

process of formation in, 180 

rich in oxide of iron, 151 
Sleeker boanls fi r loam, 347—115 
Slender jiatternh, 305 
Slow running steel wire rope crane, 
602-606 
Small coiil, 1 49 
Soft blast, 231, 2Tr3, 131, 1,S2 
Softening castings, 30, 528, 529, 693, 
694 

materials used for, 528, 529 
Solders, cximjiosition of various, 714 
melting points of different, 714 
Specific giavily, 273, 733, 734 
of iron, 566 
of loam cores, 355 
of sand cores, 355 
of various constituents of cores, 
355 

of various metals, 72(J 
Spcciiic heals, 72, 191, 727 
of mallcahle iron, 62 
of pig iron, 156, 157 
of steel, 72 

of vaiious mclals, 191, 727 
tiihlc of, at eonatant pressure, 27 
Speculum m..tul, 718 
Spelter, 714 

Spherical castings, strains iu, 328 
Spiegeleisen, 51 
Spirit thcrmoLiKders, 194 
Spray tuyeres, 139 
Sprues or cliainiels, 38t*i 
Spur wheels, 161-479 
cou traction of, 276 
patlcnis for, 457-184 
iSee uitdrr “ T,” 4’eeth of Wheels 
Square bars, erystallisation in, 61 
Stpiare driving shaft crane, 584-586 
Stacking laouhling boxes, 317 
Statuary melal, 7i.> 

Statue fonmliiig, 650-6)57 
Steam, foundry cranes driven witli, 58^ 
cylinder, moulding of, 420-427 
jet cu])oIas, 109-111, 129, 130 
Steei brushes lor dressers, 677 
Steel, cast, 617-631 

Cheuot process, 619 
Hindoo priK'css, 6 17 
lluii'isiuun process, 618, 619 
Hiibhot process, 619 
lieaiiuiur j)roee««s, <‘>18 
btreiigtli aud elubticilY, 38 
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SUr'\ rast {ronlinwul) 

Uiiiucity aiitl ductility, 729 
Tiiw.iilcd open Ijoartli procOBs, 
027 - 0^1 

cliargiiig of, for, 031 

couxersion procews in, 629- 

631 

Wnotz, 6 1 7-0 IS 
Stud cjistings, 017-631 

criicil) fH for nl(^ltin^^ 022 
early form of cnicilile melting fur- 
niico, 620-(»22 

fuel coiiBuinption in melting, 622 
melting process, (522, 623 
poty for me] ling Hte«d, 022 
bieineiis’ regenerative furnace for, 
623-627 

Thw litea’ regenerative furnace for, 
627-629 

conversion process in, 029- 

031 

Steel rope driving gear for craues, 602- 
006 

Si(iieo plate casting, 722 
Slcrcotyp(?'metal, 722 
Stewart’s rapid cupola, 125-129- 

eflicicucy, tests, results with a, 
J2S 

important details of, 127, 128 
separate receiver, details of, 128 
St( res, foundry, arrangeim nt of. 091 
for charcoal, coal dusi, blai'king, 
&c., 309 

Studs, ser(iwed, malleahlc, 851-353 
cast iron, 349, 35t) 
failures from faulty airaugements 
of, 351-353 

Buppoiting, uictliotls of, 349, 350 
Sturti'vaiit's fan, 239, 210 
Stoui bridge firebrick, 220 
crucibles, 2"16 

Stoves for drying moulds, 541-509 
bogie carriages and rails lor, 545 
cast-iron floor plates in, 543, 545 
iJalton’s experiments, 51 1 
dry air currents, 512 
gaseous fuel, ariaiigcments for, 553- 
550 

heat currents, arrangementa for, 
543 

long stoves, 543 
ordinary l(»rins of, 544 
portable forms of, 549-551 
regenerative bjstem aud forms 
of, 552 

walls and partitions, construction 
of, 543 

Stiaina due to shrinkage, 26-31, 320- 
331, 419, 433 

Sf^e under “ S,” Shrinkage of Cast 
Iron 


Straw ropcB for cores, 300-311 

burning out, when easting, 310 
hand spun, making of, 310 

breast braee for, 311 

rate of production, 310 

machine spun, automatic, 310, 311 
obi' ots of, in cores, 399 
Bubslituti's for, in small cores, 310 
wood wool, substitute for, 310, 311 
Strength of cast iron, 31-50 

forms of test bars used, 34-37 
fractures produced under compres- 
sion, 37 

outer skin on metal, effc'ct of, 30 
tenacity, ductility, and strength 
relations, 38, 729 
tensile strength of, 32, 33, 44-47 
testing niacbines for. 32 -33 
thickness of metal, elieci of, 30 
transverse strtingth of, 32, 44-47 
transverse aud tensile, lormulaj for 
relativti values of, 33 
Strong castings, cast iron for, 8, 48- 
50 

Sulphur, efft'ot of, in cast iron, 4, 12-15, 
19, 20. 27, 42 
in malleable irem, 41, 42 
]K*rcenlage of, in cast iron, 19 
Sulphur in coal, 76 

removal of, by coking coal, 78 


Tables, 725-735 

carbon, percentages of in }iig iron, 
728 

of expansion of metals, 734 
of properties of im tals, 726 
of slirinkages of caslingK, 730 
of specific giavities, 734 
of timber, 731 
ot values per ton, 735 
silicon, 2 )crccutages of in pig iron, 
728 

weights of round end si^uare c )p 2 )er 
rods, etc., 725-731 
Taper of cupola lining, 145 
Tapping a «*upola, 145 

plugs for tap hole, composition of, 
297 

Teeth of wheels, 457-483 

angle of contact, rcbislance by con- 
tact, 471-473 

bevel wheels, form of, 476-479 
cogs of wood, 4S2 
cycloidal form of, 464-473 
epicycloidal term of, 461-473 
helical gearing wheels, form of, 480 
hyt)oi;ycloidal lorrn of, 464-473 
involute torm of, 473-476 
paths of contac't between the, 
471-473 
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Teeth of wheels {continued) 

pattern blocks lor machine mould- 
ing of, 41)0, 502, 503 
pit^li circle, 457-459 
proportions of, 401-4S1 
rules and tables for, 458-481 
screw geai ing wheels, form of, 479 
setting of, 403 

#rgmenisil core box for forming, 
503, 504 

shape, drawing out of, 403, 4G6, 
4bX— 472 

worm wheels, fonn of, 481 
Temper, composition of, 713 
Temoeratures, actual, 120, ISO 

boiling point of distilled water, 
192 

corrcH jwniding characteristic colours 
due to, 191 

maximum theoretical calculalions 
for, under various conditions, 
• ISO- 190 

abstrai't of, 190 

measuring iustruments for, 191, 
192-201 

melting icc, 192 
Temi'ering lire chiy, 21G 
Tensile strength of cast iron, 32 

forinuho for relation of transverse 
loud to, 33 

testing machine for, 33 
Test bars, various forma of, 34 37 

cnistiiig of, precautions necessary, 
41 

com re^hio^, londeil for, 34, 35 
fractuies due to compression, 37 
loading, coiiditious of, 14 
tensile, loaded for, 34-36 
transverse, loaded for, 34, 35 
Testing cast or pig iron, 24-5G 

Hodgkiuson’s experiments on com- 
jiressive resistance, 37-40 
Keep’s experiiina.ts on expansion 
• and ci>ntraela n. 24-2G, 2^-30, 13 
l*rof. Arnold’s expciiiueiits with 
various element^' sepaiutelv, 
41-42 

lomfdiing exjierimoiits, effects pro- 
duced by, 52-5G 

See under “ S,” Strength of Cast 
Iron 

teiisil(‘ testing machine for, 33 
ti*Bt bars, various lorins of, 3 1 -37 
transverse testing machine f ir, 32 
West’s experiments on expansion 
and coniraclit)!), 2G-28 
ThermometcTB, 191-194 
air expansion, 194 
alcohol, 192 
Centigrade, 191-193 
Fahrenheit 193 


ThcTmometers (continued) 
liquid (‘xpansion, 192 
mercury, 192-194 
Iteiiuniur, 193 
Thin cubtings, iron for, 7 

fuel required in cupola for, 145, 
14G 

jdates, casting of, G2, G3 
Tliwaites’ regenerative furnace, 627- 
G29 

construction of, G27 
conversion of steel, jjroccss in, G29- 
631 

— progressive stages through- 

out process, G29-631 
regenerative system in, 628 
Timber, seasoning, fur patterns, 2G9 
weights of, 730 
Tin for bronze, G53 

in cast iron, efft'ct of, 22 
Titaiiiuni in lire-elay, 219 
Tools used in moulding, 318-320, 337, 
649 

hand trowels, various forms of, 

318 

sand rammers, various forms of, 

319 

Toothed-whccl patterns, 451. 4(54 
pattern blocks for teeth, 190-502 
Toughness of iron, 9, 38, 47-51 
Trapdot>r for emptying cupola, 112, 
12G, i:51, l:*>3 ' 
details of, 142-114 
pri riiutions ill using, 126 
Travelling cranes, 503i-G13 

cotton roju; diiviug grar, 58G-G02 
electric power, 60(5-613 
square shaft driving gear, 584-586 
steel rope driving gear, G02-G0G 
Tromb or waterfall blast apparatus, 
234, 235 ^ 

Trowels used by moulders, 318 
Tubes, stniins in rectangular, 330 
Tunnel for air-blast pipits, 141 
'I’urf as fuel, 173 

Tuyeres, arrangements of, 111-115, 
127, 130, J3J, J3S-140 
approximately continuous, 131 
centre blast, 132, 13G 

details of construction, 133 

efficiency of, 134, 135 

choking and (‘ause of, 118 
continuous ring opening, 130 
cooling process, 138, 189 
metal formed at, 138, 139 
water jacketed tuyeres, 138 
zone of fusion caused by, 122-* 
127 

Type metal, 714-724 
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U-fihappd ipitten, strainB in, 330 
Unit of boat, 71 

Urquhart LindBay’Bxnoulding machine, 
501, 503 

general arrangement of, 501 


Vanes of fans, 243, 244 
Varnish for pattemB, 270-273 ' 
sliellac, 271 

Velocity of fan impeller, 242, 247 
Ventilation of moulds and cores, 405, 
338-313, 419, 42G 
channel formations for, 338, 339 
engine ashes nsed for, 339 
explosions, precautions against in, 
419 

of loam Btmetures, 419 
of sand moulds, 402-405 
piercing of sand cores for, 338 
wax cords for, 339 
Vices of cast iron, 535 
Voisin’s cupola, 1 1 2-114 

drop door arrangement in, 112 
sectional drawing of Fig. 43 
tuyere holes, arrangement of- in, 
112 

zone of fusion in, 114 


Wall cranes, 577, 588 
illiislration of, 578 
Waste blocks, hollow moulding, 382 
Waste of metal in cupola working, 
140, 149 

Water in coal, 77 

cooling interior of castings with, 
00 

in coke, 78, 80-88, 1 00, 1 01 

loss of heat, efficiency by, 

100, ir.j 

in fire-l)ri(?ks, 211 
jacketed tuyeres, 138 
Wnlerlall blast apparatus, Troinb, 234, 
235 

Wax cord for core ventilation, 339 

cire-perdn })roccBs in fine art work, 
051, (5,^5 

in melting out process, 055 

motlelling of, in bronze fine art 
work, 054, 055 

Weathering clay for loam, 294 
Wi dgwoml’s pyr(»nietc*r, 194 
Weiglit of bells, 004, 070 

of castings relative to pattern, 271, 
272 

of copper rods, round and square, 
725 

of ]»liites per square foot of various 
metals, 727 

of wile uf various metals, 729 


Welsh coal, 70 

comftosition of, 76 
firebrick, 220 

West’s experiments on oast icon, 26, 
27 

Wheel gearing, teeth of, 457-463 
See under “T,” Teeth of Wheels 
Wheel, teeth moulding machines, 482 
504 c 

arms, special forms siiitablo for, 484 

cores and corebuxes for, 488- 

491 

Bellington and Durbyshire’s, 498 
Buckley and Taylor’s for large 
sizes, 499-501 

early conception of, 457, 483 
patterns, cost of, 498 
Scott’s machine for, 48.5-493 
scctitjii of sand mould complete, 
491 

Boginental te(‘th, various forms of, 
490-492, 502 

sweeping boards for sand mould 
coinpiete, 490 

Ur<|uhart Lindsay's machine, 502, 
5ii3 

Wliittaker’s macliino for, 493-499 
Wheels, chilled railway, 500, 518-523 
annealing ovens for, 521 
average life of, 523 
contraction of, 275, 270, 323 
foumlry for, 510 
ordinary moulding process, 506 
patterns, storaige of, 209 
testing, means of, 522, 523, 094 
Whitney’s toundry for, 519 
Wheels rejected at testing, percentage 
of, 523 

White nietnls, 718-720 
While pig or cast iron, 5, 6 
fracture of, 5 

Whitney’s chilled i ail way wheel foun- 
dry, 519 

capacity for turn in g out, 523 * 

d« tailed dtjscription of, 519 
iron luixtnrcs used for, 519, 520 
Whitfaker’s toothed wheel moulding 
machine, 493-499 
dividing gear, arrangement of, 496, 
497 

general arrangement of, 493-495 
* moulding boxes n-quired for, 495 
range of diamete rs suitable, 499 
sleeker or striekling boards for, 
4 {>5, 49r» 

Willis’s jiropeller, copper si iciilhed, 530, 
537 

process for burning on, 537 
Wilson’s pyioiiieter, 200, 201 
Window flames, Molnc's proocss of 
casting on, 532, 533 
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Wire, steel rope for power crane gearing, 
602-606 

of various metals, weight and 
thickness of, 729 
Wo^d }« fuel, 99 

charcoal produced from, 78, 79 
Wood, different kinds of, for pattern 
making, otc., 266-273 
American white, 266 
4bt*ech, 267 
Canadian red, 266 
desiccating or drying of, 268 
maliogany, 267 
oak, 270 
pitch f)ino, 266 
red codnr, 270 
Benioning of, 269 

BpeciCc gravity of the different 
kinds of, 273 
teak, 2G7 

weight of the different kinds of, 
730 


Wood (^continued) 
white pine, 266 
yellow pine, 266 

Wooden boxes or flasks, 313, 649 
c/)gfl for gear wheels, 482 
Woodward’s cufiola, stciam-jut, 109-112 
charging doors in, urrangoment of 
Figs,, 41, 42 

precautions while in operation, 
» 112 

Woolnough and Dehne'e moulding 
machine, 448-450 
Wootz, cast steel, 617, 618 
Working and management of cupolas, 
116-125, 136-149 
of reverberatory furnaces, 169- 
184 

Worm wheels, shape of teeth for, 481 


Yellow brass, composition of, 714, 715 
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